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PREFACE 
The delivery of municipal solid waste and recycling services is increasingly 
becoming a financial challenge for many local governmental units in the United States. In 
response to a sustained increase in real per capita expenditures for municipal solid waste 
(MSW) services over the past 20 years, policy makers are evaluating the benefits and 
costs of alternative MSW programs designed to reduce the quantity of waste disposal. 
Two alternative programs which have increased in frequency of use are municipal solid 
waste user fees and implementation of single-stream recycling. 
Essay 1, "Unit-Based Pricing of Household Solid Waste", examines the effect of 
municipal solid waste user fees on the quantity of municipal solid waste disposed. The 
study used a cross-sectional data set of annual town level municipal solid waste disposed 
in 2008 for 234 municipalities located in New Hampshire. Forty-five of the 234 towns 
used some form of MSW user fees. Essay 1 contributes to the empirical MSW economics 
literature by demonstrating the use of matching methods to estimate treatment effects. 
Unlike the standard analytical regression methods which assume homogenous treatment 
effects, matching estimation allows for heterogeneous response across municipalities. 
Results suggest the effect of implementing a pay-as-you-throw type municipal solid 
waste pricing program reduces average annual municipal solid waste by 41% to 53%. 
Essay 2, "Household Preferences for Recycling Services" presents results using a 
contingent valuation (CV) method to estimate the factors which influence a household's 
willingness to pay for municipal trash disposal and single-stream recycling services. Data 
were generated using a mail-mode questionnaire. The questionnaire was completed by 
v 
522 households living in the New Hampshire towns of Lee, Nottingham, and 
Northwood. Factors which influence a household's willingness to pay include 
socioeconomic variables such as income, gender, education, and number of children. This 
study extends analysis to psychographic variables such as attitude toward environmental 
issues, prior recycling experience, and "green" consumption patterns. Findings suggest 
socioeconomic variables and psychographic variables are important predictors of 
household willingness to pay for trash and recycling services. Households on average 
have a positive willingness to pay to dispose trash for the purpose of generating revenues 
to support community recycling programs; however, households display a negative WTP 
to switch to single-stream recycling. 
Essay 3, "Household Preferences for Trash and Recycling Program Attributes", 
uses a choice model to estimate the factors which influence a household's preferences 
and willingness to pay for different program attributes associated municipal trash and 
recycling programs. Conditional logit and mixed logit statistical models are used to 
analyze data from a choice experiment designed to estimate household preferences for 
modes of trash and recycling collection, recycling sorting requirements, and preference 
for programs expected to increase the community recycling rate. The results suggest 
household prefer their community's current level of trash and recycling services, and 
experience a decrease in utility associated with implementation of single-stream recycling 
or curbside collection of trash and recyclables. 
vi 
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ABSTRACT 
ESSAYS ON THE ECONOMICS OF MUNICIPAL AND HOUSEHOLD SOLID 
WASTE DISPOSAL AND RECYCLING 
by 
Christopher Wright 
University of New Hampshire, September, 2012 
The sustained increase of municipal solid waste generation is an ongoing 
management and environmental challenge confronting many local governmental units in 
the United States. The management problems associated with municipal solid waste 
generation are attributed to rising levels of solid waste, and the real costs to collect, 
transport, and dispose solid waste is increasing. The increase in landfill disposal costs, 
referred to as "tipping-fees", is partially attributed to the regulatory and technological 
requirements of landfill operations designed to reduce pollution from landfills. In 
response to these challenges, municipal solid waste managers are evaluating the benefits 
and costs of alternative programs and pricing practices. The results of this dissertation 
contribute policy relevant information for the evaluation and consideration of designing 
economically efficient municipal solid waste collection and recycling services. 
Essay 1 is an evaluation of the effect of municipal solid waste (MSW) user fees 
on household generation of solid waste. MSW user fees create a financial incentive for 
households to decrease their generation of solid waste destined for landfill disposal. 
Results from a cross-sectional study of 234 cities and towns in New Hampshire for the 
year 2008 suggest the implementation of user fees for household solid waste disposal 
xi 
results in an average reduction of 41% to 53% in the amount of municipal solid waste 
disposed. 
The second essay presents findings from a contingent valuation study of two 
referendum proposals designed to estimate the determinants of household willingness to 
pay for 1) Implementing unit-based pricing of household trash disposal to generate 
revenues to support community recycling services and 2) Switching from their current 
recycling program which requires multiple sorting of recyclable materials, to a single-
stream collection program which allows all recyclables to be placed into a single 
collection bin at the community's solid waste transfer station. Depending on model 
specification, the findings suggest on average households will pay from 37 to 42 cents 
per trash bag to support community recycling services. On average households convey a 
negative willingness to pay ranging from -86 to -96 cents per month to switch to single-
stream recycling at their community's solid waste transfer facility. 
The third essay extends the analysis to identify household preferences for selected 
attributes of municipal trash and recycling programs. Results suggest households value 
programs expected to increase the community recycling rate. Consistent with the findings 
of Essay 2, household choices indicate a loss of welfare associated with single-stream 
recycling relative to their current practice of sorting recyclables. The results of this study 
are useful for identifying the trash and recycling services valued by households. 
Household participation in community recycling programs is likely to increase when 
community recycling programs are designed to provide services valued by households. 
xii 
1 MUNICIPAL AND HOUSEHOLD SOLID WASTE 
1.1 Introduction 
Municipal solid waste (MSW) is the combined solid waste discarded by 
households, businesses, and retailers. For purposes of analysis solid waste is typically 
categorized by either type of material or type of product. Classification of MSW by 
material includes the categories of paper, food scraps, plastics, metals, glass, wood, 
rubber, leather, textiles, and yard wastes. Classification by product type consists of 
durable goods such as discarded household furniture, appliances, and electronic products 
and nondurable goods consisting of newspapers, food waste, beverage and food 
containers, and packaging materials. Municipal solid waste does not include wastes 
generated by industrial, construction, or demolition activities. Hazardous wastes such as 
fluorescent light bulbs and other products containing mercury, liquid wastes such as 
motor oil, and all hazardous medical and radioactive materials are excluded from the 
tabulation of MSW. 
The words refuse, trash, garbage, and rubbish are commonly used interchangeably 
to denote households' contribution to the generation of municipal solid waste (MSW). 
Porter (2002, p. 2) describes waste as "the stuff we don't want - hence we are willing to 
pay to get rid of it". Estimates of total annual MSW generated in the United States in 
2008 range from 250 million to 389 million tons (USEPA, 2009, Rob Van Haaren, 
Nickolas Themelis, and Nora Goldstein, 2010). Household waste generation accounts for 
two-thirds of this total (Richard C. Porter, 2002, USEPA, 2008). The collection and 
disposal of municipal solid waste (MSW) is a source of increasing expenditures for many 
cities and towns in the United States. From 1992 to 2008 local government expenditures 
2 
for MSW services increased nearly 25% in real terms from $57 to $71 per person.1 The 
increase in expenditures is attributed to higher levels of per capita waste disposal, 
increasing populations, and increasing costs to collect, transport, and dispose of solid 
waste. For many communities, solid waste is being transported longer distances to larger 
regional landfills and incinerators as local and smaller landfills reach capacity or local 
town dumps are closed because they fail to meet environmental standards. In response to 
rising costs, a growing number of municipalities are evaluating alternative programs and 
pricing practices for municipal solid waste and recycling services. 
To dispose of solid waste at a landfill, municipalities pay a "tipping fee". The 
tipping fee is the cost to dispose a single ton of municipal solid waste (Edward W. Repa, 
2005). Figure 1.1 shows the national and regional tipping fees from 1985 to 2004. The 
rise in tipping fees is partially attributed to the enactment and enforcement of new 
environmental protection measures applied to the construction and operation of landfills. 
There is significant variation in tipping fees by region. In 2004 the national average tip 
fee was $34 per ton. The highest tip fees are in the northeastern states with $70 per ton, 
and the lowest fees are in the west central states at $24 per ton. 
As further evidence of the increasing cost burden associated with delivery of 
MSW services, municipalities are increasing the price households pay for collection and 
disposal services. Using price data from the U.S. Department of Labor for the period 
1980 - 2010 Figure 1.2 illustrates the rising trend in the price households pay for garbage 
1 Calculated using the U.S. Bureau of Census State & Local Government Finance historical data and 
converted to real value using Bureau of Economic Analysis GDP deflator for 2005 = 100. 
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and trash collection services. From the base period of 1984 to 2010 the price of MSW 
services has increased 272% compared to an increase of 110% in the consumer price 
index for the same period. Municipalities are implementing MSW user fees as a pricing 
practice to increase revenues from households for MSW services. 
The use of MSW user fees represents a significant departure from the 
conventional practice of relying solely on property tax revenues to finance MSW 
services. The number of municipalities using a form of MSW user fees has increased 
36% from 5200 communities in 2001 to 7100 in 2006 (Lisa A. Skumatz, and David J. 
Freeman, 2006). 
1.2 Theoretical Framework of Demand for MSW Services 
Kinnaman (2003) provides a collection of nine papers describing theoretical 
analysis of MSW policy alternatives. Additional theoretical approaches are presented in 
Kemper and Quigley (1974), Wertz (1976), Podolsky and Spiegel (2003), Morris and 
Holthausen (1993), and Aadland and Caplan (2003). 
A basic premise of microeconomic theory is individuals respond to economic 
incentives. Podolsky and Spiegel (2003) use the following theoretical framework and 
notation to model household waste generation, disposal, and recycling behavior. 
Consistent with the standard economic model of consumer choice, households obtain 
utility from consumption of goods and services, and choose a vector of consumption 
goods, X= (xi, X2,..., xn) subject to budget constraints. Consumption of goods generates 
waste from each good, denoted as a*. Households choose the share of waste to dispose, 
denoted Si, and the remaining share (l-S,) is recycled. 
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Households maximize the following constrained utility function: 
Max V = U(xh x2.. .xn) - C(Ri, R2(... ,Rn) 0) 
Subject to: £piXi + ^vj/SiOjXj = I 
Ri = (l-Sj)aiXi 
Where: 
U(*) = utility from consumption (UJ>0, Uh<0); 
C(*) = disutility of recycling waste (Q>0, Cii>0); 
Xj = quantity of market good i consumed; 
^ = amount of waste generated from one unit of good i; 
Ri = amount of waste recycled from good /; 
Si = percent of one unit good i that is disposed; 
(1-Si) = percent of one unit of good i that is recycled; 
Pi = market price of good i; 
I = income; and 
v)/ = unit price of municipal waste disposal services. 
If an assumption of an interior solution is imposed such that households 
participate in some positive level of recycling, then the following first-order conditions 
are derived from maximization for the constrained Lagrangean problem: 
Lamda, X, is the marginal utility of income and is assumed constant for small 
changes in income. The consumer equilibrium occurs when the conditions for the three 
equations are satisfied. Equations 2 establishes the equality between the marginal benefits 
of consumption and marginal cost of consumption, and equation 3 establishes the 
equality between the marginal cost of recycling in terms of disutility and the marginal 
(l/X)Ui = pi + (l/X)Ci(l-Sj)aj + ySidi (2) 
(l/X)Ci = v|/ (3) 
IPiXi + XvSjCtjX, -I = 0 (4) 
6 
benefit of recycling in terms of disposal cost avoided. If private disposal cost, represented 
by v|f in this model is less the social unit cost of disposal, the levels of consumption and 
recycling will not be socially optimal (M.J. Podolsky, and M. Spiegel, 2003). 
Equation 2 requires the dollar value of marginal utility of consumption of good i 
to equal the full marginal cost of an additional unit of consumption where marginal cost 
includes the good's price, per unit cost of waste recycling, and per unit cost of waste 
disposal. Equation 3 establishes the relationship between the level of recycling and the 
cost of disposal. In equilibrium, the dollar value of the marginal disutility of recycling is 
equal to the unit price of waste disposal. An increase in disposal costs creates an 
incentive to increase the share of recycled waste. Solutions to the household optimization 
problem results in a system of demand functions for each of the n goods, and a waste 
disposal function indicating the optimal share of waste to dispose for each good given 
prices and disposal cost. The quantity of disposed waste for each good for each 
household can be summed to obtain total household municipal waste (M.J. Podolsky, and 
M. Spiegel, 2003). 
The demand for MSW disposal services is expressed as: 
D = W (ai a2,..., a„, pi, p2,..., p„, V, I) (5) 
Household demand for trash disposal is hypothesized to be a function of the 
exogenous variables, waste share disposed, prices of goods, unit cost of disposal, and 
household income. This model predicts two basic outcomes associated with an increase 
in unit price of disposal services 1) reduced quantity demanded for MSW disposal 
services and 2) an increase in the share of recycling. The result of comparative statics to 
evaluate the effect of a change in unit disposal cost on an individual's utility is presented 
7 
in Appendix A. Alternatives and extensions to this relatively parsimonious theoretical 
framework include the choice to illicitly burn or dump household trash (D. Fullerton, and 
T.C. Kinnaman, 1994), introduce a credit for recycled waste, and model household waste 
generation using a household production function framework (Glenn E. Morris, and 
Duncan M. Holthausen, 1993). Aadland and Caplan (2003) use a household utility 
maximization approach and introduce a time constraint and level of effort to dispose or 
recycle waste. Contrary to other models, Aadland and Caplan (2003) allow for private 
non-pecuniary benefits from recycling attributed to the "warm glow" from contributing to 
the public good of increasing the community recycling rate. 
The relationship between quantity demanded for MSW services and price of 
MSW services is illustrated in Figure 2. This graph is commonly used to demonstrate the 
loss in social welfare attributed to pricing MSW services less than social marginal cost 
(D. Fullerton, and T.C. Kinnaman, 1996, Robin Jenkins, 2003, Thomas C. Kinnaman, 
2003, Richard C. Porter, 2002). 
The common practice of using property tax revenues to finance MSW services 
results in households facing an effective marginal cost of zero to dispose an additional 
unit of trash. When the price for MSW services is zero, the quantity demanded is Qo 
units. With marginal disposal costs equal to MC and price per unit of waste disposed set 
at zero, MC exceeds marginal benefits over the interval Qi - Qo resulting in total welfare 
loss equal to the area of triangle AQoB. Setting price equal to MC results in a decrease in 
quantity demanded from Qo to Qi. A condition for economic efficiency is price of 
disposal services be set equal to the social marginal costs of waste disposal. Calculation 
of social marginal cost will include the environmental costs attributed to landfills. 
8 
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1.3 Literature Review 
This literature review focuses on the following two subjects of economic research 
1) Evaluation of MSW user fees and 2) Household willingness to pay for recycling 
services. In response to rising MSW management costs and increasing public awareness 
of the potential environmental and health related costs associated with solid waste 
disposal at landfills and incinerators, policy makers are evaluating alternative MSW 
programs. The two most common policy instruments being implemented are MSW user 
fees and subsidization of community recycling programs (Tracy Boyer, 2006, Gorm 
Kipperberg, and Douglas Larson, 2010). 
1.3.1 Economic Evaluation of MSW User Fees 
Estimates of the price elasticity of demand for household solid waste disposal are 
listed in Table 1.1. The estimates are from a list compiled by Kinnaman (2006) and 
updated with results from Jenkins (2003), Callan and Thomas (2006), Isely and Lowen 
(2007), Dijkgraff (2009), Allers and Hoeben (2010), and Huang, Halstead, and Saunders 
(2011). Price elasticity of demand estimates range from -0.08 to -1.31 with a mean value 
of -0.42. The preponderance of estimates in the inelastic range suggests MSW user fees 
may be an effective way to generate revenues to finance MSW services. The values also 
draw into question the effectiveness of MSW user fees to reduce MSW disposal. 
Isley and Lowen (2007) identify three categories of applied studies of MSW user 
fees; 1) use of household data before and after adoption of a unit price 2) use of cross-
section of municipality data and 3) use of panel data. The unit of observation for MSW 
studies is either household data or aggregate municipal data. Linear regression is the 
10 
standard analytical estimation method with MSW as the dependent variable typically 
measured in units of weight such as tons, pounds, or kilograms per designated time 
period. 
Disaggregated household data are used to identify the demand determinates for 
MSW and recycling services. Household response to MSW user fees is the relevant 
outcome variable of interest to policy makers for purposes of program evaluation and 
consideration of program changes. Given the importance of disaggregated data for 
conducting program evaluation, Kipperberg (2010) notes the number of studies using 
household level data is sparse. Three studies listed in Table 1.1 use household level data 
(D. Fullerton, and T.C. Kinnaman, 1996, V. Linderhof, P. Kooreman, M. Allers, and D. 
Wiersma, 2001, G.L. Van Houtven, and G.E. Morris, 1999). Each study used data based 
on actual weight of disposed trash and not self-reported estimates. The weight of 
household waste set out for collection is the dependent variable. 
No one explanatory variable is common to all the three models. Kinnaman (2000) 
used a parsimonious model of number of daily newspapers, number of children in 
household less than three years of age, indicator for college education, annual income, 
marital status, and indicator if household's race is white. Van Houtven (1999) follows the 
Kinnaman (2000) model and adds an indicator for owner-occupant, number of residents 
categorized by age, full-time employment, and controls for type of MSW collection 
program, such as bag vs. container. Linderhof (2001) constructs a model which focuses 
on household composition. 
11 
Table 1.1. Effect of MSW User Fee on Household Waste Disposal 











(1996) Household 75 -0.08 37 100 
2. Podolsky 
(1998) Municipal 159 -0.39 511 
3. V.Houtven 
(1999) Household 796 -0.15 20-51 590 - 742 
4. Kinnaman 
(2000) Municipal 959 -0.28 27-416 412 
5. Linderhof 
(2001) Household 3437 -0.26
4 42 291 
6. Jenkins 
(2003) Municipal 636 18-30 322 
7. Dijkgraaf 
(2004) Municipal 507 -0.43 38 - 60
5 1144 
8. Callan 
(2006) Municipal 351 -0.19 
9. Isley 

















(2011) Municipal 31 -0.09-1.318 
Using all towns (towns with MSW user fee = 31, towns without MSW user fee = 169) 
3
' Using only towns with MSW user fee (n= 31). 
4 Kinnaman (2006) lists a value of -1.1 which is the price elasticity for reduction in 
compost waste. The value of -0.26 is price elasticity for non-recyclable waste. 
5 The 60% reduction is for compost waste. 
6 The 27% is without correcting for endogeneity. The 41% is after correcting for policy 
endogeneity. 
7 The 44% reduction is without correcting for policy endogeneity. The 71% reduction is 
after correcting for policy endogeneity. 
8 The price elasticity of -0.09 is for all towns with and without MSW user fee. The price 
elasticity of -1.32 is for only towns with MSW user fee. 
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Based upon a simple benefit costs analysis, Fullerton (1996) reports the social 
benefits of MSW user fees are less than the administrative program costs. Van Houtven 
(1999) finds measurable benefits of unit pricing outweigh unit-pricing program costs. 
Results suggest the net social benefits are $586 dollars per day. Linderhof (2001) finds 
the net costs of waste collection and processing did not increase over the four year study 
period, and based upon a 42% decrease in total waste collection, concludes weight-based 
pricing appears to be cost effective. 
The use of aggregate municipal level cross-sectional or panel data to conduct 
empirical analysis of MSW user fees has increased in frequency over the past 10 years 
relative to studies using household generated data. Studies using cross-sectional data 
include Kinnaman and Fullerton (2000), Podolsky and Spiegel (2003), Callan and 
Thomas (2006) and Huang, Halstead, and Saunders (2011). Studies using panel data 
include Jenkins (2003), Dijkgraaf and Gradus. (2009, 2004), Isely and Lowen (2007), and 
Allers and Hoeben (2010). 
An econometric issue associated with the use of aggregate municipal level data is 
the potential for the treatment effects explanatory variable to be a function of the 
dependent variable municipal solid waste. This occurrence is attributed to the possibility 
that municipalities self-select whether or not to adopt MSW user fees. If the policy 
decision to adopt MSW user fees is partially motivated by the level of MSW generated in 
the community, the policy adoption variable is correlated with the model's error term. 
Correlation between an explanatory variable and the estimation model's error term 
violates an assumption of linear estimation and may introduce bias into the estimation. 
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This occurrence in the econometric program evaluation literature is referred to as policy 
endogeneity 
Beginning with Kinnaman and Fullerton in 2000, four studies by Dijkgraaf and 
Gradus (2004 and 2009), Callan and Thomas (2006), Allers and Hoeben (2010), and 
Huang, Halstead, and Saunders (2010) use econometric methods to control for policy 
endogeneity. 
Kinnaman and Fullerton (2000) and Huang et. al. (2011) use a form of two-stage 
least squares (2SLS) to control for policy endogeneity. Kinnaman uses the predicted 
value of the probability to provide curbside recycling service estimated from a Probit 
model and uses the predicted value of MSW user fee estimated from a Tobit model. 
Huang et. al. (2011) uses a Probit model to estimate the probability of adopting MSW 
user fee, and the probability of providing curbside recycling services, and uses the 
predicted values in the second stage OLS estimation. Both studies report an increase in 
the effect of MSW user fees after correcting for policy endogeneity. 
Kinnaman and Fullerton (2000) find the effect of MSW user fee on household 
generation of garbage is increased from 27% reduction with no correction for 
endogeneity to 41% after correcting for policy endogeneity. Huang et. al. (2011) estimate 
a MSW user fee effect of 43% using ordinary least squares with no correction for 
endogeneity, and to a 71% reduction after correcting for policy endogeneity. 
Kinnaman (2000) suggested the level of environmental awareness in a community 
may partially influence a municipality's decision to implement MSW user fees and 
concurrently influence the community's level of MSW and recycling. Dijkgraff and 
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Gradus (2004) is the first paper to control for community environmental awareness, 
which Dijkgraff termed environmental activism. 
The focus of Dijkgraaf and Gradus's (2004) research is estimating the effect of 
MSW user fees on alternative types of collection programs. He estimates the effect on 
weight-based programs, different forms of bag-based collection systems, volume-based, 
and frequency-based collection systems. Similar to Huang et. al. (2011), Dijkgraaf 
models the dependent variable in natural-log form. Based upon a Box-Cox test for 
functional form, Huang reports the natural-log of MSW is the appropriate functional 
form. 
Dijkgraaf and Gradus's (2004) results suggest the effect of environmental 
activism accounts for a 7% reduction in MSW disposal. Municipalities with a high level 
of environmental activism have 13% less MSW compared to communities with relatively 
low levels of environmental activism. Thus without accounting for environmental 
activism standard regression methods will tend to overstate the effect of MSW user fees. 
In Dijkgraaf and Gradus (2009) similar results are obtained when the analysis is extended 
for the period 1998 - 2005. The results suggest communities with high level of 
environmental activism will be early adopters of MSW user fees. 
Allers and Hoeben (2009) employ a difference-in-difference approach to estimate 
the effect of MSW user fees using a panel data set of 458 municipalities in Netherlands. 
After controlling for community fixed effects, findings suggest MSW user fees reduce 
solid waste disposal but the effect is lower than prior estimates. Absent controlling for 
fixed effects a one unit increase in user fee is associated with a reduction of 433 
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kilograms per person per year. After controlling for fixed effects, the effect of MSW user 
fees is reduced to 262 kilograms per person per year. 
Estimates of the welfare costs attributed to underpricing of MSW services range 
from three dollars per year per person (Jenkins 1993, Fullerton and Kinnaman 1996) to 
$12.80 per person per year (M.J. Podolsky, and M. Spiegel, 2003). Studies using 
municipal level data and finding the implementation of MSW user fees result in positive 
net social welfare include Podolsky and Spiegel (1998), Jenkins (2003), Isely and Lowen 
(2007), and Dijkgraaf and Gradus (2008). Allers and Hoeben (2010) report findings 
which suggest it is uncertain if MSW user fees yield positive net benefits. 
1.3.2 Household Willingness to Pay for Recycling Service 
The economic literature on MSW recycling shares similar authors and studies as 
the MSW economics literature. In the previous listed studies, Kinnaman (2000), Callan 
and Thomas (2006), Isely and Lowen (2007), Dijkgraaf and Gradus (2004, 2009), and 
Allers and Hoeben (2010) include estimation of household demand for recycling services 
as separate models alongside estimation of demand for MSW services. 
Households view recycling as a substitute waste management activity to waste 
disposal (M.J. Podolsky, and M. Spiegel, 1998). The number of municipalities in the 
United States providing community recycling programs has increased from 2,886 in 1990 
to 8,660 in 2006 serving an estimated 48% of the U.S. population (Center for Sustainable 
Systems, 2009). In addition to curbside recycling programs many communities operate 
community recycling drop-off centers where households can deliver their recyclables. 
Based upon results of the 2010 Community Recycling Survey, 68% of the U.S. 
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population has access to community drop-off recycling programs (American Forest and 
Paper Association, 2010). 
Aadland and Caplan (2005) and Kinnaman (2000) estimate the cost to a 
municipality to collect, process, and transport recyclable materials exceed the budgetary 
benefits of reduced disposal fees and revenue from sale of recyclables by $3 per 
household. In response to rising costs to operate and maintain curbside recycling 
programs, municipalities are evaluating program and pricing changes. 
The use of single-stream recycling programs is an emerging trend. Single-stream 
recycling is designed to reduce household opportunity cost of recycling, increase the 
level of recyclable materials, and decrease collection cost. An estimate of household 
preferences and willingness to pay for alternative recycling programs is useful 
information for policy makers to design recycling programs which are valued by 
households. 
In a comprehensive review of household waste management studies, the 
Organization for Economic Co-Operation and Development (2008) indicated there are 
very few studies concerned with willingness to pay (WTP) for waste disposal services. 
Household recycling services are predominately provided by local governmental units. 
Given the public goods characteristics of recycling services and the absence of revealed 
household behavior in a market context, identification of household WTP is commonly 
accomplished using some form of a stated preference estimation method. 
Table 1.2 lists nine studies that estimated WTP for curbside recycling services. 
Six studies used a contingent valuation (CV) method, two studies used contingent 
ranking (CR), and one study used a choice experiment (CE) method. Estimates of 
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Table 1.2. Household Willingness to Pay for Curbside Recycling Service 









2000 CV 7.60 100 Negative
5 telephone 
2. Caplan 
2002 CR 6.44 - 9.66 401 NA telephone 
3. Aadland 
2003(a) CV 2.92 4000 mixed telephone 
4. Aadland 
2003(b) CV 7.00 1000 telephone 
5. Blaine 
2005 CV 1.59-2.24 1458 mail 
6. Jamelske 
2006 CV 3.00
2 301 positive telephone 
7. Bohara 





3 188 Face-to-face interviews 
9. Kipperberg 
2010 CR 1.79-2.31
4 1172 mail 
Measured WTP to switch to combined automated trash collection with single-stream 
recycling. 
3 Reported as £2.68. Converted using exchange rate of 1 pound = 1.63 U.S. dollar. 
Estimated as the marginal WTP for an additional item to recycle. 
4 WTP estimates are reported for different types of recycling programs. The estimate 
listed in the table is for switching to single-stream recycling. 
5 Direct costs exceed benefits by $10.35 per household per year without including 
household WTP estimate of $92.48 per year. 
6 Bohara reports the municipality implemented a mandatory recycling program after a 
demonstration project. The monthly fee was set at $3.00 per household, exceeding the 
household WTP estimate of $5 to $6 passing a simple social net benefit test. 
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household willingness-to-pay (WTP) ranges from a minimum of $1.59 per month to 
maintain curbside recycling services (Thomas W. Blaine, Frank Lichtkoppler, Keith R. 
Jones, and Randall Zondag, 2002) to a maximum of $9.66 per month 
(Arthur J. Caplan, Therese C. Grijalva, and Paul M. Jakus, 2002). Jamelske (2006) and 
Kipperberg (2010) estimate WTP to switch from current recycling program to single-
stream recycling in which previous materials which were source separated can be placed 
in one collection container. Willingness to pay to switch to single-stream recycling 
ranges from $1.75 to $3.00 per month. 
The results of net economic benefits are mixed and are consistent with 
Kinnaman's (2009) general characterization that curbside recycling remains valuable to 
households, even if the net benefits of recycling programs are not positive. Aadland and 
Caplan (2003) conducted a study of 4,000 households residing in 40 western cities. After 
adjusting for hypothetical bias and based upon an estimate of mean calibrated WTP of 
$2.92 per month and a mean cost of $2.93 estimated from 11 cities, Aadland and Caplan 
(2003) concludes the net social benefit of curbside recycling is zero. When evaluated on a 
city-by-city comparison, they report five cites with positive net social benefits, and seven 
cities experiencing negative net social benefits. 
Within the MSW economics literature there is little uniform approach to 
estimating the net social benefits of recycling services. An alternative to calculating net 
social benefits is evaluation of the cost effectiveness of community recycling programs 
by estimating the difference between direct program benefits and direct program costs. 
Frameworks for estimating benefits and costs from community recycling 
programs are contained in Kinnaman (2000), and Jamelske and Kipperberg (2006). 
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Aadland and Caplan (2003) provide cost estimates by town and cite the source for the 
estimates, but do not provide a description of the cost accounting. 
None of the studies listed in Table 1.2 incorporate estimates of nonmarket 
environmental benefits associated with community recycling programs (CRP). Isely and 
Lowen (2007) uses benefit transfer to estimate the monetary benefits of a reduction in air 
pollutant emissions from incineration as a result of reduced MSW disposal due to an 
increase in MSW user fee and an increase in recyclable materials. Given the mixed 
results regarding the economic efficiency of community recycling programs, Aadland 
and Caplan (2003) concludes with a recommendation to extend the empirical analysis of 
community recycling programs to states located in the eastern United States where 
landfill space is relatively more constraining compared to western states, and the landfill 
tipping fees in eastern states is higher. 
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2 ESSAY 1: UNIT BASED PRICING OF HOUSEHOLD SOLID WASTE 
2.1 Introduction 
The increase in municipal expenditures for solid waste management is attributed 
to higher levels of per capita waste disposal, increasing populations, and increasing costs 
to collect, transport, and dispose solid waste. For many communities, solid waste is being 
transported longer distances to larger regional landfills and incinerators as local and 
smaller landfills reach capacity or open town dumps which failed to meet environmental 
standards are closed. 
Although the type and level of services vary by municipality, for most public 
sector service providers, MSW management costs are accounting for an increasing share 
of local government expenditures. Motivated to reduce the level of solid waste and 
increase the level of recycled materials diverted from solid waste, local governments are 
evaluating alternative solid waste management programs and pricing schedules. 
An alternative MSW pricing schedule increasing in frequency of use by cities 
and towns is MSW user fees. MSW user fees are also referred to as variable-rate-pricing 
or pay-as-you-throw (PAYT) because households pay for each unit of trash disposed. The 
unit of measurement may be based on either the weight or volume of waste. One popular 
form of MSW user fee requires households receiving MSW services to purchase and use 
specially designated plastic garbage bags. The bags are often designated by color or 
imprinted with a town logo. Another approach is to require residents to purchase 
designated adhesive stickers to place on commercially sold trash bags. 
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Unit-based pricing represents a significant departure from the conventional 
practice of financing solid waste collection using property tax revenues. When waste 
disposal services are financed from general tax revenues, households incur no direct cost 
for MSW services. The marginal cost for each additional unit of trash disposed is zero. If 
households are required to use designated trash bags for waste disposal, the marginal cost 
is the sale price of the trash bag. Prices vary across municipalities and typically range 
from $1 for a 15 gallon trash bag to $2 for a 30 gallon trash bag with a 30 pound weight 
limit. 
Unit-based pricing is an example where the economist's toolbox of 
microeconomic theory, economic analysis, and program evaluation can contribute to 
solid waste management issues (John M. Halstead, and William M. Park, 1996). The 
underlying microeconomic theory associated with unit-based pricing is households 
respond to economic incentives. Unit-based pricing increases household cost to dispose 
solid waste and concurrently decreases the opportunity cost of recycling relative to the 
cost of trash disposal. The total decrease in quantity demanded of MSW services due to a 
price increase can be partitioned into an income effect and substitution effect. 
The income effect results from a decrease in real income due to a price increase, 
and the substitution effect occurs as consumers substitute away from MSW disposal 
services and use other means whose price has decreased relative to dispose trash. 
Examples of practices households substitute for MSW disposal services include reduction 
of waste generation source such as purchasing products with less packaging and adopting 
"green" consumption practices, and separate recyclable materials from the solid waste 
stream, and composting food waste. Other means to reduce use of MSW services is to 
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dispose of trash illegally or to take household waste to a neighboring community which 
does not use MSW user fees. 
Switching from MSW services solely financed from property taxes to a MSW 
program with user fees might be resisted by household who are accustomed to "no-cost" 
trash disposal service. Unit-based pricing internalizes the cost of waste disposal to the 
waste generator. An additional benefit associated with unit-based pricing is the issue of 
equity in financing waste disposal services. When waste disposal is financed with 
property tax revenues, disposal costs for households with high levels of trash are partially 
subsidized by households disposing low levels of trash. With unit-based pricing, 
households who generate less waste will pay less than households who generate more 
waste. Thus, unit-based pricing may appeal to households who actively practice 
recycling. 
Over the past twenty years a growing number of municipalities are implementing 
unit-based pricing of household solid waste. The United States Environmental Protection 
Agency estimates the number of communities using unit-based pricing has increased 
from 4000 in 1995 to an estimated 7000 in 2006. Approximately 25% of the United 
States population disposes their trash using some form of a pay-as-you-throw solid waste 
management program (Lisa A. Skumatz, and David J. Freeman, 2006). When evaluating 
the benefits and costs of adopting MSW user fees, MSW policy makers, program 
managers, and citizens want to know what effect the program will have on household 
waste disposal. The research objective of this paper addresses this question. 
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2.2 Economic Modeling of Municipal Solid Waste Disposal 
Beginning in the 1970s, an extensive literature in economics has developed on 
solid waste management, recycling, and the effect of alternative policies and programs on 
waste disposal. An initial report by the United States Environmental Protection Agency 
(USEPA, 1979) provides empirical results from five selected cities suggesting the total 
quantity of waste generated by households may not be sensitive to price. However, the 
authors attribute this result primarily due to the inadequacy of data. The results find a 
positive association between household income and solid waste. 
In a review of empirical results from studies conducted to evaluate MSW user 
fees, most studies find an increase in recycling participation. The results regarding the 
effect of unit-based pricing on waste reduction are mixed (Marie Miranda, and Joseph E. 
Aldy, 1998). Selective findings suggest a portion of the observed reduction in waste 
disposal levels may be due to increased compaction of garbage or illegal disposal (D. 
Fullerton, and T.C. Kinnaman, 1996). Miranda and Aldy (1996) characterized the 
uncertainty over the efficacy of MSW user fees as the most controversial question 
regarding whether or not unit pricing leads to decreases in total waste generation. 
Kinnaman (2003) provides a collection of theoretical and empirical papers on 
residential solid waste management. Reviews of the MSW economics literature are 
presented in Miranda (1998), Choe and Fraser (1998), and the Organization for Economic 
Co-operation and Development (2008). 
The OECD reviews the environmental economics literature on environmental 
policy designed to alter human behavior. Seventeen empirical studies of household solid 
waste disposal are examined during the period 1993 to 2003. Five of the studies use 
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community-level data, eight use household level data, and the remaining four use either 
aggregated data or simulation. All the studies use a form of regression analysis for 
conducting program evaluation. Based upon their review of the MSW economics 
literature, the OECD concludes that MSW user fees are effective at reducing waste and 
increasing recycling, and further more finds little empirical evidence that unit pricing 
does not yield the benefits stipulated on economic theoretical grounds (OECD 2008). 
The effect of pricing on household behavior varies depending on type of pricing 
schedule (subscription fees, block fees, unit-based fee), and research results suggest a 
mix of different outcomes on recycling, waste generation, and composting. In a 
discussion of future MSW empirical research Kinnaman (2009) characterizes the recent 
empirical findings as suggestive that household responsiveness to unit-based pricing is 
smaller than previously estimated, and he encourages additional research to understand 
the robustness of current empirical results. 
The predominant econometric method used to estimate the effect of MSW user 
fees on levels of solid waste disposal has been some form of linear regression. Two MSW 
issues challenge the assumptions of the linear regression model to estimate program 
effects: 1) policy endogeneity and 2) heterogeneous treatment effects. 
Recognizing that policy adoption of MSW user fees may be motivated by 
different factors, such as the level of MSW generated or the level of community support 
for conservation programs, selected empirical studies have tested for endogeneity and/or 
employed alternative specification of regression models, such as two-stage least squares 
(2SLS) for the purposing of controlling for policy endogeneity. 
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Using a regression model to explain the residential waste disposal with a volume 
based user fee as an explanatory variable Jenkins (1993) may be the first to test for 
endogeneity of the price variable. Using a Hausman test, the null hypothesis that the price 
variable is predetermined could not be rejected. One explanation for a weak causal link 
from level of solid waste to MSW user fees is municipalities are less responsive to setting 
price based upon demand for services, and are more sensitive to changes in collection and 
disposal costs. Jenkins (1993) did not report the 2SLS estimates. 
Kinnaman and Fullerton (2000) compiled a cross-sectional data set of 959 towns 
located in six states; 148 of the towns used some form of MSW user fees. The two 
variables controlling for possible endogeneity are presence of curbside recycling 
collection and MSW user fee. After substituting the predicted values of MSW user fees 
from the Tobit model estimation into the OLS model to control for endogeneity, the 
coefficient for MSW user fee increases 50% from a reduction of 247 pounds per person 
to 373 pounds per person. However, based upon a Hausman test, the null hypothesis of 
no correlation between the price variable and the error term could not be rejected. The 
outcome of this hypothesis test is similar to the result reported by Jenkins (1993). The 
authors note that the study used a dataset with the largest number of observations with 
MSW user fees studied to date. The coefficient of determination value of 0.09 indicates 
the regression model explained a relatively small fraction of the total variation in waste 
disposal compared to an R2 of 0.30 for the model used to estimate the level of recycling. 
Huang, Halstead, and Saunders (2011) compare treatment effects of MSW user 
fees using ordinary least squares (OLS) with no correction for policy endogeneity and 
2SLS to correct for policy endogeneity. To model policy endogeneity, a probit model is 
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use to estimate predicted values of policy adoption. The predicted values are used in an 
OLS model to estimate policy impact on MSW level. Results of 2SLS suggest use of 
MSW user fees is associated with a 70% reduction in per capita MSW disposal. This 
value is 65% higher than the OLS estimated coefficient for reduction of 43% and 
suggests that the standard analytical methods used to evaluate MSW user fees without 
modeling policy endogeneity may underestimate the program effect. 
Dijkgraaf and Gradus (2009) partially control for self-selection of policy adoption 
by controlling for environmental activism at the municipal level. If municipalities which 
implement MSW user fees are also are more supportive of conservation and recycling 
practice relative to municipalities without MSW user fees, the effect of MSW user fees 
may be confounded by community support for environmental activism. After controlling 
for environmental activism, the result is a 31% reduction in MSW using a bag-based 
pricing schedule. Environmental activism accounts for a 6% reduction in MSW disposal. 
Without modeling for differences in municipal environmental activism, standard linear 
regression methods may overestimate the program effect. 
The standard analytical approach to modeling the effect of MSW user fees is to 
use a form of linear regression with the level of MSW as the dependent variable and an 
indicator variable for presence or absence of policy adoption. Huang, Halstead, and 
Saunders (2011) use the natural log transformation of MSW as the dependent variable 
based upon results from a Box-Cox test for functional form. 
Recent empirical studies have recognized that policy adoption is not exogenous. 
Economic theory suggests municipalities will be motivated to implement MSW user fees 
if net benefits are positive. There are likely to be differences between municipalities 
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which adopt and do not adopt MSW user fees which must be controlled for to isolate the 
effect of MSW user fees. Municipalities self-select to implement MSW user fees. This 
self- selection process suggests that the benefits of MSW user fees may differ for 
municipalities which choose to adopt MSW user fees and municipalities which do not 
implement MSW user fees. The occurrence of self-selection suggests the effect of MSW 
user fees is heterogeneous across municipalities. 
Linear regression models assume the effect of MSW user fees is the same for 
program participants and nonparticipants. To model for heterogeneous policy effects an 
alternative estimation method is necessary. Matching estimation methods can be used as 
an alternative to linear regression when policy effects are heterogeneous. 
The occurrence of self-selection to adopt MSW user fees is partially attributed to 
the legislative provisions of the federal Resource Conservation and Recovery Act of 1976 
(RCRA). Although RCRA establishes federal oversight of solid waste management, 
primacy is delegated to the states to enforce regulations prohibiting the then common 
practice of disposing solid waste in open municipal dumps. States are responsible for 
enforcement of pollution abatement controls to reduce air and groundwater contamination 
from sanitary landfill and MSW incinerators. 
Under RCRA, local governmental units are responsible for collection and disposal 
of solid waste. The type and frequency of MSW collection and disposal services varies 
across local governmental units. Municipalities self-select whether to implement a user 
fee for household solid waste. Given the lead role and flexibility of local governments in 
managing municipal solid waste, policy efforts to reduce MSW disposal are asymmetric 
across the nation (Scott J. Callan, and Janet M. Thomas, 2006). 
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For MSW policies in which municipalities self-select to voluntarily implement 
MSW user fees, the benefit of MSW user fees will likely differ across municipalities who 
voluntarily adopt MSW user fees compared to municipalities who do not adopt MSW 
user fees. Matching estimation is an alternative to linear regression and is used when 
program effects are assumed to be heterogeneous across participants. 
In the economics literature matching was initially used to estimate the impact of job 
training programs (R. Dehejia, H. and Sadek Wahba 1998, J J. Heckman, Hidehiko 
Ichimura, and Petra Todd, 1997, Jeffrey A. Smith, and Petra E. Todd, 2005). Selected 
examples of empirical studies from the environmental and resource economics literature 
using matching methods include evaluation of the Clean Air Act (Michael Greenstone, 
2004, John A. List, Daniel L. Millimet, and W. Warren McHone, 2004), Endangered 
Species Act (Paul J. Ferraro, Craig Mcintosh, and Monica Ospina, 2007), open space and 
agricultural land protection programs (Lori Lynch, Wayne Gray, and Jacqueline 
Geoghegan, 2007, Charles Towe, 2010, Liu Xiangping, and Lori Lynch, 2011), and 
agricultural research, farm programs, and forest management (Charles Jumbe, and Arild 
Angelsen, 2006, Sabine Liebenehm, Hippolye Affognon, and Hermann Waibel, 2009, A. 
and C.R. Weiss Pufahl, 2008). Matching methods have been extensively developed and 
refined in the recent evaluation literature and are now a valuable part of the evaluation 
toolbox (Richard Blundell, and Monica Costa Dias, 2002). 
2.3 Counterfactual Model 
This proposed study evaluates the impact of unit-based pricing on the level of 
municipal solid waste disposal. The fundamental problem associated with estimating the 
impact of a program on an outcome can be characterized as one of a 'missing data 
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problem' (Paul W. Holland, 1986). In the context of this study, evaluating the impact of 
MSW user fees on a town's generation of MSW requires knowing two concurrent 
potential outcome variables: 1) the level of MSW generation without MSW user fee and 
2) the level of MSW generation with MSW user fee. 
Only one of these potential outcomes can observed at any one time period. The 
missing observation is referred to as the counterfactual. Constructing a value for the 
counterfactual serves as the underlying motivation for using a matching estimation 
method to conduct program evaluation. 
The purpose of program evaluation is to measure the causal effect of program 
participation on an outcome variable. The units of observations can be individuals, 
households, markets, firms, governmental units, states, or countries (Guido W. Imbens, 
and Jeffrey M. Wooldridge, 2009). In the evaluation literature participation or exposure 
to the program is referred to as a treatment. Treatments can be widely interpreted such as 
job training or educational program, laws, environmental regulations, new technologies, 
or testing of new drugs or medical procedures (J. Wooldridge, 2002). In the context of 
this study, cities and towns are the observational units, treatment is enforcement of MSW 
user fees, and the outcome variable used to evaluate the treatment effect is the change in 
quantity of MSW generation. 
The mathematical model of causal inference based on the counterfactual account 
of a casual relation was pioneered by Fisher (1935) for randomized treatment assignment 
and extended by Rubin (1978) to non-experimental or observational data with nonrandom 
treatment assignment. Over the past twenty years, the counterfactual model has become a 
received estimation model in the statistics and econometrics literature. Two advantages of 
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the counterfactual model are: 1) its use for estimating treatments effects when effects are 
hypothesized to be heterogeneous across groups and 2) the estimators can be defined 
without specifying a particular form of the statistical model (Guido W. Imbens, and 
Jeffrey M. Wooldridge, 2009). 
A standard conceptual framework and notation for the counterfactual model has 
developed over the past 20 years (Richard Blundell, and Monica Costa Dias, 2002, J.J. 
Heckman, Hidehiko Ichimura, and Petra Todd, 1997, Guido W. Imbens, 2004, Paul .R. 
Rosenbaum, 2002, Donald Rubin, 2006, J. Wooldridge, 2002). The following description 
follows Caliendo (2005), Morgan (2006) and Guo (2010). Adoption of MSW user fee is 
the treatment. The notation used for the counterfactual model in the context of this study 
is: 
Let i index the towns in the study area, with / = 1,2, 3...N 
Yj = mean annual MSW per house measured in pounds for town / 
Dj = (0,1) is an indicator variable of the treatment received by unit i 
Dj = 0 if town i does not have MSW user fee (non-participant) 
Dj = 1 if town i uses MSW user fee (participant) 
The evaluation problem can be represented as: 
Yio = outcome of town i if non-participant (i.e. no MSW user fee). 
Yji = outcome of town i if participant (i.e. with MSW user fee). 
The treatment effect for unit i is defined as the difference between two theoretical random 
outcomes with and without treatment: 
Ti = Yii-Yio (1) 
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The actual outcome, Yj, is expressed by the counterfactual model as: 
Yi = DYil+(l-D)Yi0 (2) 
Where, Yj is the actual observed outcome of unit i. Only one of the two potential 
outcomes Yn or Yio is observed; the missing variable is the counterfactual which must be 
estimated. Because only one potential outcome is observed per unit, the counterfactual 
model is estimated using the average outcome of the units in the treatment group, and the 
average outcome of the units in the non-treatment group. These averages are expressed as 
Population mean of control group: E[Yo| D=0] 
Population mean of treatment group: E[Y11 D=l] 
The unconditional average treatment effect (ATE) of the population is: 
ATE = E[ T ] = E[Yi |D=1] - E[Y01 D=0] (3) 
The average treatment effect is the outcome if assignment to treatment is random and is 
an estimate of the effect if a unit is randomly drawn from the population which consists 
of both treated and non-treated units. There are two missing counterfactuals associated 
with the ATE. One is the outcome of treated units if they had not received treatment 
denoted as E[Yo| D=l] , and the other is the nonparticipant's outcome if they had 
received treatment denoted as E[Yj | D = 0]. The process of random treatment assignment 
results in equality between the observed outcome and missing counterfactual E[Yo | D=0] 
= E[Y0 | D = 1] and the observed outcome and missing counterfactual E[ Yj | D=l] = 
E[Yi | D=0] and the population parameter ATE can be estimated as a difference in 
sample means for the treatment and non-treatment groups. 
When assignment to treatment is nonrandom E[Yq | D=0] ^ E[Yo | D = 1] and 
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E[ Yi | D=l] t E[Yi | D=0], the two counterfactuals must be constructed. Another 
treatment effects estimator for policy evaluation is the average treatment effect on the 
treated (ATET). The ATET estimator is: 
ATET s E[t | D=l] = E[Yh | D=l] - E[ Yoi| D=l] (4) 
Estimation of this population parameter requires weaker assumptions than the 
ATE because only one counterfactual, E[Yoi| D=l], must be constructed. For this study, 
ATET is an estimate of the benefit to towns with MSW user fees compared to what they 
would have experienced had they not implemented MSW user fees. Heckman (1997) 
describes this estimator as the gross gain to units who choose to participate in the 
programs. 
For policy consideration of extending the treatment program to nonparticipants 
the relevant treatments effects estimator is the average treatment effect on the untreated 
(ATEU). The ATEU estimator is: 
ATEU s E[T | D=0] = E[YU | D=0] - E[ Y0i| D=0] (5) 
The missing data problem of the counterfactual model is that only Yii or Y;o is 
observed for each town but not both; one cannot observe the no-program effect for towns 
that adopt unit based pricing, and one cannot observe the program effect for towns that do 
not adopt unit based pricing. E[Yn | D=l] and E[Yoj | D=0] is observed, whereas 
E[Yio | D= 1] and E[Yn |D=0] are not observable. 
When applied to the ATET, if E[Y0i | D=0] is substituted for E[Y0i | D = 1], the 
estimator is: 
E[Yn | D=l] - E[ Y0i| D=0] = ATET + E[ Yoi| D=l] - E[Yoi | D=0] (6) 
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A condition for the estimator to be unbiased is: 
E(Yi01 D = 1) - E(Yj0 | D=0). = 0 (7) 
As a thought experiment, if towns were randomly assigned to implement MSW 
user fees, then the outcome variables, Yn and Y0i , are independent of assignment to 
treatment, Dj., where ± denotes statistical independence, expressed as: 
Yn , Yjo 1 Dj 
Which implies E(Yi01 Dj = 0) = E(Yi01 Dj = 1) = E(Yi | Df = 0) 
ATET bias = E(Yi0 | D = 1) - E(Yi01 D=0) = 0 (8) 
In randomized experiments, use of the observed outcome for non-participants, 
E(Yjo | Dj = 0), as an estimate of the counterfactual for treated units, E(Yjo | Di = 1) 
does not introduce bias in the estimator. When units are randomly assigned to a treatment 
group and a non-treatment group (i.e. control), there is a high probability each group will 
have the same average characteristics for both observable and unobservable attributes. 
Random assignment to treatment constructs two groups comparable in terms of all 
observed and unobserved covariates (Paul .R. Rosenbaum, 2002) . This is analogous to 
stating the difference in mean values of group attributes is not statistically significant. 
Random assignment solves the evaluation problem by direct construction of the 
unobserved counterfactual. If towns could be randomly assigned to enforce MSW user 
fees, then the non-participants' solid waste per household could be substituted for the 
participants' unobserved "outcome had they not participated" without introducing bias. 
Matching addresses the evaluation problem by assuming that the choice of 
participation (Dj =1 or Dj = 0) is independent of the non-participant outcome when the 
outcome is conditioned on a set of observable variables X (Jeffrey A. Smith, 2006). The 
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assumption is referred to as conditional independence assumption (CIA) or "ignorable 
treatment assignment" (R. Dehejia, H. and Sadek Wahba 1998, P.R. Rosenbaum, and 
Donald B. Rubin, 1983). The assumption is expressed as: 
Yj,, Yi01 Di | Xj, for all i. (9) 
Where X is a vector of observable town characteristics which simultaneously 
influence the decision to adopt MSW user fees and the outcome variable, MSW 
generation, and is unaffected by the outcome variable. The two potential outcomes are 
independent of assignment to treatment when conditioned on a set of attributes X. 
The term matching is used because a treated town's characteristics and the 
characteristics of an untreated town are matched to identify towns with similar 
characteristics which influence the choice to implement MSW user fees and influences 
the level of MSW generated. 
The conditional average treatment effect on the treated using a matching estimator is: 
ATET = E[t | D=l, Xj]= E[ Yu| D=l, Xj] - E[Yi0 | D=0, Xj] (10) 
For the estimator to be unbiased requires that E(Yjo j D=l, Xj) = E( Y;o | D=0, Xj). 
The interpretation of the above expression is that an unbiased estimate of the conditional 
ATET can be calculated by substituting the observed outcome for a non-participant for 
the unobserved outcome of the participant's missing counter-factual. 
In application, what is proposed is if town A adopts unit based pricing, only the 
town's outcome as a participant is observed (Yi,|D=l, X). To estimate town i's outcome 
had the town not participated (Yjo |Di =1, X), one wants to identify a non-participant 
town, j, with outcome designated as (Yj0 |Dj = 0, X), which possesses attributes as nearly 
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identical as possible as town i that influence the decision to adopt MSW user fees and the 
generation of MSW. 
By conditioning on a set of town attributes, the conditional independence 
assumption implies that the observed outcomes are independent of assignment to 
treatment, which is the same as assignment to treatment being effectively random for the 
two groups, participant and non-participant (J. Borland, Yi-Ping Tseng, and Roger 
Wilkins 2005). The objective of matching is to select a set of observable town attributes 
such that any two towns with the same attribute values will display no systematic 
difference in treatment effect. 
Exact matching on attribute values quickly becomes problematic as the number of 
variables increases. For three binary variables the number of cells for matching is 23 = 8. 
As the number of variables is increased, the number of attribute combinations increases 
exponentially, 25 = 32. It becomes increasingly difficult to match with similar 
combination of attributes; this occurrence is referred to as the curse of dimensionality. 
Rosenbaum (1983) derived the theoretical proof that if potential outcomes are 
independent of treatment conditioned on a vector of covariates, then the outcome 
variables are also independent of treatment conditioned on a balancing score. The 
balancing score is defined as the probability a unit will participate in the treatment 
program given the observed covariates. This balancing score came to be referred to as the 
propensity score given it is the likelihood of a unit electing to participate in the treatment 
program, and matching based on the propensity score became referred to as propensity 
score matching. The propensity score is expressed as: 
e(X) = P(Dj = 11X = Xj) (11) 
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Matching on the propensity score required the assumption that units with the same 
propensity score have a positive probability of being both participants and non-
participants. The assumption is expressed as: 
0<P(D= 11X) < 1 (12) 
The ATET estimator using matching on propensity score is: 
ATETPSM S E[ YI | D=l, e(X)] - E[Y01 D=0, e(X)] = E[Y, - Y0 | e(X)] (13) 
All matching estimators (ATE, ATET, and ATEU) have the following general form: 
E[xMatching] = l/niXiIiSp[Yu-E(Yoi|Di=l,Pi)] (14) 
WhereE(YU| Ds=l, Pi) = £,<> w(i,J)Y0J 
and where Ii is the set of program participants, I0 is the set of non-participants, Sp is the 
common support region defined over a range of the propensity scores, and n, is the 
number of participants in the set I]  f l  Sp .  The match for each participant i ,  i  I iDSP  is 
constructed as a weighted average over the outcomes of non-participants, where the 
weights w(ij) depend on the distance between Pj and Pj (Jeffrey A. Smith, and Petra E. 
Todd, 2005). 
2.4 Estimating the Propensity Score 
A challenge confronting all analytical methods to evaluate policy effects is the 
choice of explanatory variables. For matching methods the selection criteria is motivated 
by the conditional independence assumption (CIA). For matching estimators to be 
unbiased requires a set of variables such that the outcome variable is independent of 
treatment assignment when conditioned on the propensity score. 
For this study the explanatory variables are related to a municipality's decision to 
use MSW user fees and related to the generation of MSW, and in turn are unaffected by 
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policy adoption and the outcome variable MSW generation. Choice of explanatory 
variables is influenced by economic theory, previous empirical results, and knowledge 
about the institutional setting of the program (Marco Caliendo, and Sabine Kopeinig, 
2005). 
Callan and Thomas (1999) and Huang, Halstead, and Saunders (2011) estimate 
the determinants of MSW user fee adoption. Callan (1999) uses a cross-sectional data set 
of 351 Massachusetts cities and towns with 79 communities using a form of MSW unit 
pricing in 1995. Huang et. al. (2011) uses a cross-sectional data set of 200 towns in New 
Hampshire in 2008 with 31 towns using a form of MSW user fees. Common variables 
include property tax rate, education level, income, population, an indicator for curbside 
trash collection, and an indicator for curbside recycling collection. Explanatory variables 
which are statistically significant at conventional levels in both studies and different 
model specifications include income and property tax. Neither model found the presence 
of curbside collection of trash or recyclables to be a significant determinant of policy 
adoption. Callan and Thomas (1999) find housing density, number of single-family 
homes, indicator if landfill located in town, education, and median value of single-family 
housing to be statistically significant predictors of policy adoption. Huang et. al. (2011) 
find per capita solid waste expenditures to be a statistically significant predictor of policy 
adoption. 
The number of members in a state-wide private nonprofit organization per town 
was used to control for environmental activism. A fixed effect indicator variable was 
used to control for the cluster of towns with MSW user located in one of the following 
three counties of Sullivan, Grafton, or Coos. 
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This study builds upon these results and uses the following logit model to 
estimate the propensity score: 
""•'""•nrSii 
This nonlinear model can be transformed to a linear functional form by taking the log of 
the odds of policy adoption and estimated using maximum likelihood: 
ln[ Pi /1 -Pi] = |3o + ptInc + p2Inc + p3T + p4T2 + p5HV 
Where: 
+ 06HV2 + PvMem + PgFixedEffect (16) 
Pi = probability town i adopts MSW user fee, 
Inc = median household income measured in 1000 dollars, 
T = property tax rate assessed on residential property, 
HV = median housing value measured in 1000 dollars, 
Mem = membership per 100 households in private nonprofit statewide 
conservation organization, and 
FixedEfFect = indicator variable if town is located in Sullivan, Grafton, or Coos 
county along the Massachusetts and Vermont state boarder. 
2.5 Study Area and MSW Data 
The study area consists of 13 cities and 221 incorporated towns in the State of 
New Hampshire. Figure 2.1 shows the communities which have adopted MSW user fees 
beginning in 1984 with the town of Lebanon. Forty towns (17%) were using a form of 
MSW user fees as of 2008, serving approximately 15% of the state population. In 2009 
the city of Concord, which is the state capital and third largest city in population 
implemented MSW user fees, increasing the percent of population served to 18%. 
The town of Dover implemented MSW user fees in 1991 and subsequently was 
recognized by the U.S. EPA in 1999 as one of ten cities in the nation for record setting 
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Figure 2.1. Study Area and Municipalities with MSW User Fees 
New Hampshire Municipalities 
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waste reduction after implementing MSW user fees. Dover increased its rate of recycling 
from 3% in 1990 to 53% in 1996. During this time period the number of households 
receiving municipal MSW services increased by 10%, and total solid waste disposal 
declined from 10,496 tons per year to 4,541 tons per year. 
In 1999 the New Hampshire Governor created a Solid Waste Task Force charged 
with developing policy recommendations in response to a series of solid waste 
management issues confronting local governmental units. Cities and towns providing 
MSW services were experiencing problems related to landfill closures, rising disposal 
costs, increasing industry concentration in waste disposal services, and increasing levels 
of imported out-of-state waste disposal. Included in the Task Force report was a 
recommendation for the New Hampshire Department of Environmental Services to 
promote adoption of MSW unit-based pricing programs to local municipalities as an 
effective means to reduce MSW disposal 
Where implemented, MSW user fees have been credited with increasing recycling 
rates and reducing MSW disposal (State of New Hampshire, 2001). The total quantity of 
municipal solid waste and total amount of recycled materials by weight in New 
Hampshire for the years 2000 - 2008 are illustrated in Figure 2.2. The mean level of 
MSW over this nine year period is 505,000 tons per year. The decline in total municipal 
solid waste from 2006 to 2008 is partially due to the 2007 economic recession. Fourteen 
additional towns adopted MSW user fees during the period 2000 - 2008. The state-wide 
recycling rate increased from 20% in 2000 to approximately 30% in 2008. 
A survey of towns with MSW user fees identified the following factors 
influencing consideration of policy adoption (DSM Environmental Services, 2008). 
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1. Generate another revenue stream to offset increasing refuse costs. 
2. Creates more equity in who pays for refuse services. 
3. Creates an incentive to reduce refuse generation and/or increase recycling. 
4. Controls refuse coming in from neighboring communities. 
5. Generates funds for landfill closure. 
Data on town level municipal solid waste disposal is compiled by the New 
Hampshire Department of Environmental Services (NHDES). Data reporting by towns is 
voluntary, and is subject to variability due to differences in record keeping practices. For 
2008, 27 towns did not submit MSW data, and MSW totals for another 27 towns which 
transfer their MSW to another town are included in the receiving town's total. To 
transform total MSW to MSW per household, the housing stock of MSW receiving towns 
was adjusted to include housing units from MSW transferring towns. The data set for this 
study consists of 180 towns which account for 90% of the state population 
Figure 2.3 shows the comparison of mean annual town MSW per household by 
program (i.e. with and without MSW user fees) for the years 2000 - 2008. The bar graph 
shows annual town MSW per household for towns with MSW user fees is consistently 
less than towns without MSW user fees. However, results of a two-group mean 
comparison t-test indicate the difference in means is statistically significant at the 0.05 
significance level for only 4 of the 9 years (2000, 2003,2007, and 2008). 
Regarding recycling levels, Figure 2.4 shows the mean annual pounds per 
household recycled by program (i.e. with and without MSW user fees). Except for the 
year 2003, the level of recycled material is higher for towns with MSW user fees; 
however, a comparison of mean differences between the two groups does not find the 
yearly differences to be statistically significant. 
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Figure 2.3. Mean Annual MSW per Household by Program 
2000 2001 2002 2003 2004 2005 2006 2007 2008 
.1 Without MSW User Fees HHI With MSW User Fees 
Number of towns = 180 
Figure 2.4. Mean Annual Town Recycle per Household by Program 
421428 
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44 
Dijkgraaf and Gradus (2004) reports empirical results from a panel data set of 538 
towns in Netherlands for the period 1998 - 2000 which suggest that towns with relatively 
higher levels of environmental activism have 7% less MSW disposal prior to adopting 
MSW user fees compared to towns with low levels of environmental activism. 
Novel to this study is a variable for membership in a private non-profit state-wide 
conservation organization and is used to partially control for household support for 
conservation programs. The mean value of members per 100 households is 1.7 for towns 
using MSW user fees and 1.3 for towns without MSW user fees and the difference is 
statistically significant at significance level of 0.05. An indicator variable to control for 
regional fixed effects (Maarten A. Allers, and Corine Hoeben, 2010) is used to partially 
control for the clustering of MSW user fee towns along the western state boundary as is 
observed in Figure 2.1. 
Descriptive statistics of the variables used for the matching estimators are listed in 
Table 2.1 by treatment status. Towns enforcing MSW user fees have on average lower 
median household income, and relatively higher property tax rates, median housing 
values, membership in a statewide conservation organization, and higher concentration in 
counties located along the western state boarder. 
To estimate treatment effects, regression and matching methods rely on a set of 
sufficiently rich explanatory variables to predict the outcome variable, such that after 
conditioning on the explanatory variables, the singular effect of treatment on the outcome 
variable can be estimated without any confoundedness. Regression models require the 
additional assumption of linear in parameters function form. If the differences in values 
of 
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Table 2.1. Descriptive Statistics for Explanatory Variables 






Mean SD Mean SD Mean SD 
Income 49.0 12.9 44.5 8.0 50.0 13.6 Median household income (1000s) 
Tax Rate 18.8 4.8 21.5 4.0 18.1 4.8 Residential property tax rate 
House 
Value 224.7 96.1 259.7 167 216.8 68.7 
Median price of 
homes sales 
(1000s) 
Membership 1.4 1.5 1.7 1.8 1.3 1.4 
Conservation 
membership 




0.31 0.46 0.53 0.50 0.27 0.44 
Indicator variable 
=1 if town located 
in Sullivan, 
Grafton, or Coos 
county 
Sample size 180 14 146 
SD = sample standard deviation. 
46 
explanatory variables are sufficiently large, local linear regression approximation of the 
average treatment effect may not be globally accurate (Guido W. Imbens, and Jeffrey M. 
Wooldridge, 2009). One statistic used to estimate the relative difference in explanatory 
variables by treatment status is the normalized difference of a covariate. The normalized 
difference is the difference in sample means by treatment status weighted by the squared 
root of the sum of the sample variances. As a "rule-of-thumb" Imbens and Rubin suggest 
linear regression methods tend to be sensitive to specification of functional form when 
the normalized difference exceeds 0.25 (Guido W. Imbens, and Jeffrey M. Wooldridge, 
2009). 
The normalized differences for the eight explanatory variables used in this study 
are listed in Table 2.2. Five values (-0.35, 0.38, 0.55, 0.51, 0.39) exceed 0.25 in absolute 
value, two are equal to 0.23, and one is 0.17. Unlike regression, matching methods do not 
require the assumption of a linear functional form in parameters. Matching methods do 
not require an assumption of functional form and may be a more appropriate estimation 
method compared to regression when the normalized difference of covariates is relatively 
large. 
2.6 Empirical Results 
A logit model is used to estimate propensity scores (i.e. balancing scores) 
conditioned on the set of explanatory variables listed in equation 16. The propensity score 
is the predicted probability of policy adoption calculated for each town using the 
estimated coefficients. The estimated coefficients are listed in Table 2.3. The effects of 
income and property tax rate are positive and have a diminishing effect, whereas housing 
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Table 2.2. Normalized Difference for Explanatory Variables 
1 Variable Sample Mean Variance Normalized Difference I 
| Income Control 50 186.3 
-0.35 Treatment 44.5 63.2 
I Income2 Control 2687.6 2298369 
-0.38 Treatment 2042 585881 
TaxRate Control 18.1 22.8 0.55 Treatment 21.5 15.8 
TaxRate2 Control 351 29595 0.51 Treatment 479 33607 
House Value Control 216 4715 0.23 Treatment 259 27865 
HouseValue2 Control 51666 1.08* 10y 0.23 Treatment 93973 3.4*1010 
Members Control 1.3 2 0.17 Treatment 1.7 3 
Region Control 0.27 0.20 0.39 Treatment 0.53 0.26 
Table 2.3. Coefficients from Logit Model Used to Compute Propensity Score 
Binary Dependent Variable 







Income 0.475 0.31 0.12 
Income2 -0.010* 0.003 0.09 
Tax 0.856** 0.44 0.05 
Tax2 -0.016* 0.01 0.10 
HouseValue -0.020 0.01 0.12 
HouseValue2 0.0001* 0.0001 0.08 
Members 0.363*** 0.14 0.01 
Region 0.867* 0.48 0.07 
Constant -20.026 8.37 0.02 
Number of Observations 180 
Tax = tax squared. 
House value = house value squared. 
* Statistically significant at significance level of 0.1, ** Statistically significant at 
significance level of 0.05, *** Statistically significant at significance level of 0.01 
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value is negative and declines at an increasing rate. This nonlinear effect is modeled by 
including the square of the variable as an explanatory variable. Environmental activism is 
positively associated with policy adoption as is the regional fixed effects variable. 
A key requirement of matching is covariate balancing. The term balance is used to 
imply two conditions. One is the average propensity score for participants and non-
participant observations do not differ within blocks (S. O. Becker, and Andrea Ichino, 
2002), and the differences in covariate means for participants and non-participants are not 
statistically significant at conventional significance levels. This implies the explanatory 
variables are not confounded with the treatment effect attributed to program adoption. 
Covariate balancing implies the values of the explanatory variables used to estimate the 
propensity score, also called a balancing score, are the same for matched pairs of towns. 
Two methods to examine covariates balancing is to test for the statistical 
difference in group mean differences between towns with MSW user fees and towns 
without MSW user fees (P.R. Rosenbaum, and Donald B. Rubin, 1983). The results of t-
tests to test for mean differences of explanatory variables by group are reported in Table 
2.4. Except for membership, the t-statistics of group mean differences are statistically 
significant for each variable prior to matching and are not statistically significant after 
matching on propensity score. 
This outcome emulates the outcome associated with random treatment assignment 
in which mean characteristics of participants and non-participants are similar (balanced) 
after random assignment to the treatment or control group. Assuming the conditional 
independence assumption (CIA) is satisfied based upon this set of variables and the mean 
value of attributes for participants and non-participants which influence policy. 
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Table 2.4. Balancing of Sample Means Before and After Matching 
Variable Sample Mean % Bias % |Bias| 
Reduction 
t-test 
Treated Control t P> t 
Income Unmatched 44.5 50 -49 -2.27 0.03 
Matched 43.3 44.7 -12 75 -0.78 0.44 
Income2 Unmatched 2042 2687 -54 -2.41 0.02 
Matched 1923 2040 -10 82 -0.76 0.45 
TaxRate Unmatched 21.5 18.1 77.8 3.87 0.001 
Matched 21.5 21.1 8.4 89 0.37 0.71 
TaxRate2 Unmatched 479 351 72 3.87 0.001 
Matched 478 461 9.8 86 0.39 0.70 
HouseValue Unmatched 258 216 33 2.32 0.02 
Matched 228 228.2 -0.1 99 -0.01 0.99 
• j  HouseValue Unmatched 93973 51666 32 2.62 0.01 
Matched 58918 59441 -0.4 98 -0.05 0.96 
Members Unmatched 1.7 1.3 24 1.38 0.16 
Matched 1.5 1.7 -16 32 -0.54 0.58 
Region Unmatched 0.52 0.26 55.1 3.02 0.003 
Matched 0.53 0.46 15 72 0.54 0.58 
Income = income squared. 
TaxRate2 = tax rate squared. 
HouseValue2 = house value squared. 
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adoption and MSW generation are balanced, the mean group difference between the 
outcome variable, MSW, is attributed solely to the program effect of MSW user fees. 
The variables also satisfy a second form of balancing criteria in which the values 
for propensity score are ranked from low to high and subdivide into quintiles which are 
referred to as blocks. Balancing of the propensity score and explanatory variables are 
evaluated for each block (R. Dehejia, H. and Sadek Wahba 1998). The estimated 
propensity score and covariates satisfy the requirement that the mean difference of 
propensity scores for treated and non-treated groups within blocks and the mean group 
difference of the explanatory variables within blocks are not statistically significant. 
Matching on propensity scores is restricted to a common support, and as such the 
estimates of average treatment effect on the treated is defined only for those participants 
with a propensity score within the common support. Figure 2.5 is a histogram showing 
the distribution of propensity score by treatment status. Below the line is the distribution 
for untreated units and above the line is distribution of treated units. Observations with 
propensity scores between the values 0.05 - 0.65 are used to form matched pairs. Borland 
(2005) defines common support as the requirement that for each program participant, 
there is some observation with the same (or sufficiently similar) characteristic that did not 
participate, and hence can be used as the matched comparison observation. 
The number of observations dropped from analysis is 61 non-participant towns 
with propensity score less than 0.05 and 4 participant towns with propensity score above 
0.65. The inference of treatment effect cannot be generalized to the population and is 
reduced to the subset of 30 towns with MSW user fees. Although matching on common 
support results in few observations, an advantage is the remaining set of towns is similar 
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in covariates which influence the decision to adopt MSW user fees and in MSW waste 
generation 
Common support implies omitting all observations of participant towns' 
propensity scores that are above the maximum propensity score for the non-participant 
towns, and omitting all observations for non-participant towns' propensity scores that are 
below the minimum propensity score for the participant counties. Matching on a common 
support makes it evident whether or not comparable non-participant units are available 
for each participant unit. In the matching literature, the benefit of matching on common 
support is contrasted to regression analysis when observations of participants and non-
participants are clustered into two distinct groups and effects are estimated "solely by 
projection into regions where there are no data points" (Jeffrey A. Smith, 2006, p. 6). 
The average treatment effect on the treated (ATET) estimator is: 
ATET = 1 / m Jj ( [Yi | Di = 1] - £ w„(Yj | Dj = 0]) (17) 
Where ni is the number of treated cases, i is the index over treatment cases, j is the index 
over control cases, and wy is a set of scaled weights which depend of the distance 
between the propensity score for each non-participant unit paired to a participant unit. 
Different matching algorithms are used to construct the weights. 
Matching methods can be categorized into two general approaches 1) one-to-one 
or one-to-n, where n is a fixed number of control units and 2) nonparametric regression 
matching referred to as either kernel-based matching or local linear regression (Shenyang 
Guo, and Mark W. Fisher, 2010, J.J. Heckman, Hidehiko Ichimura, and Petra Todd, 
1997). Although all matching methods are asymptotically equivalent, matching methods 
incur an inherent trade-off between efficiency and biasedness for finite sample size. 
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Increasing the number of control units (i.e. no MSW user fees) as an estimate of the 
treated unit counterfactual increases estimator efficiency by increasing sample size and 
using more information, however, the increased number of control units comes at a price 
of decreased quality of matches. 
Nonparametric matching uses a smoothing or weighting function, also called a 
kernel function, to fit an unknown density function to an observed distribution of the data 
(R. Carter Hill, William E. Griffiths, and Guay C. Lim, 2011). A kernel function can be 
used to assign a weighted average to the value of each control units' outcome variable 
(i.e. level of MSW) based on the control unit's distance from the treated unit where 
distance is measured as the difference in propensity score. The values of control 
variables, for which the propensity score are closer to the treatment propensity scores, are 
weighted more heavily than outcomes for which propensity score are farther apart. 
Bandwidth is the fraction of observations used to form a span or window 
centering on the selected control unit, which is also called the focal point. For example, a 
bandwidth of 0.05 will use 5% of the total control observations of which half have an 
outcome value above the focal point's outcome value, and half have an outcome value 
below the focal point's outcome value. As previously noted, different weights can be 
assigned to individual outcome values contained in the span. 
The results for this study were estimated using the user-developed program 
psmatch2 in STATA Software (E. Leuven, and B. Sianesi, 2003). Estimates are listed in 
Table 2.5. The two matching methods used are 1) nearest neighbor and 2) kernel 
matching. Nearest neighbor used the control observation with a propensity score closest 
to the treatment unit. 
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Table 2.5. Estimates of Average Treatment Effects for the Treated 
Method Treatment Effect Measured in Pounds per Household per Year | 


























(-1177 ,-319) 216 
ATE = average treatment effect. 
ATET = average treatment effect on the treated. 
ATEUT = average treatment effect on the untreated. 
s.e. = standard errors. 
Values in parenthesis are for 95% confidence intervals. 
Standard errors and confidence intervals for nearest neighbor and kernel matching 
methods estimated using bootstrapping with 50 replicates. 
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Matching was conducted with replacement which allows a single control unit to 
be used for multiple matches with a treatment unit. The kernel estimator used the 
program default epanechnikov kernel for calculating weights. Estimates were derived 
using three bandwidths, the default of 0.06, and selection of 0.04 and 0.02. Using the 
leave-one-out cross validation method described by Galdo, Smith, and Black (2007), 
Black and Smith (2004) and Racine and Li (2004) results in the lowest mean square error 
associated with a bandwidth of 0.06. 
The average treatment effect for the treated (ATET) estimates the impact of MSW 
user fees for those municipalities that adopted the program. The treatment impact ranges 
from a maximum reduction of 823 pounds of MSW per household using a kernel 
estimator with bandwidth (bw) equal to 0.06 to a minimum of 631 pounds (lbs) per 
household using kernel estimator with bw = 0.02. The nearest neighbor estimator and 
kernel estimator with bw = 0.04 both estimate treatment impact as a reduction of 741 lbs. 
per household. 
The estimate of a reduction of 741 lbs. of MSW generation per household due to 
MSW user fees is calculated as the difference of an average generation rate of 1531 lbs. 
per household in towns without MSW user fees and an average generation rate of 790 lbs. 
per household in towns using a form of MSW user fees. The impact of MSW user fees is 
a 48% reduction in MSW generation per household. 
Standard errors and 95% confidence intervals were estimated using bootstrapping 
with 50 replicates and are listed in Table 2.5. The ATET estimates are statistically 
significant at the 0.05 significance level. The use of bootstrapping to calculate the 
variance of kernel matching estimators is subject to debate given there is no theoretical 
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justification for bootstrapping to estimate the variance of matching estimators. Research 
suggests bootstrapping methods may not give correct results (A. Abadie, D. Drukker, J.L. 
Herr, and G.W. Imbens, 2004). 
Estimates of average treatment effects (ATE) using ordinary least squares (OLS) 
with an indicator variable for policy adoption and the same set of explanatory variables 
used in the logit model and the estimated propensity score are listed in Table 2.5. Two 
estimates are listed. One is an ATE estimate of -801 lbs. reduction per household using 
the full data set of 180 towns with 34 towns using MSW user fees. When OLS estimation 
is limited to the common support used for propensity score matching with 115 towns of 
which 30 enforce MSW user fees the estimate of program impact is - 748 lbs. per 
household. Both estimates are statistically significant at a 0.01 significance level. 
Table 2.5 also includes an estimate of the average treatment effect on the 
untreated (ATEUT). This is a measure of the expected average effect if towns who have 
not voluntarily adopted MSW user fees were required to adopt MSW user fees. The 
ATEUT is -649 lbs. per household per year using nearest neighbor matching and -771 
lbs. per household per year using a kernel estimator with 0.06 bandwidth. Both estimates 
are less than the effect for towns who have voluntarily adopted MSW user fees. 
The property for matching estimators to be asymptotically unbiased is premised 
on the conditional independence assumption (CIA). When matching is conditioned on a 
set of variables that influence the decision to implement MSW user fees and MSW waste 
generation, then the potential outcome variable is independent of treatment assignment. 
This assumption also extends to variables which influence policy choice and waste 
generation and are not observed. For example, if households in communities with MSW 
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user fees are also more motivated to reduce waste generation relative to households 
located in town without MSW user fees, then the above estimates of program effects may 
be partially attributed to the MSW user fee and the unobserved household motivation. 
Sensitivity analysis is conducted to evaluate the robustness of empirical results to 
potential bias attributed to unobserved variables. By definition, because unobserved 
variables cannot be directly modeled, the approach to sensitivity analysis is estimate the 
level of effect an unobserved variable would have to exert of the derived estimates such 
that the results are no longer statistically significant. If a relatively minor effect renders 
the results not statistically significant, then the estimates are not robust. If the level of 
effect from an unobserved variable must be relatively large to render the estimates not 
statistically significant, then the estimates are deemed to be robust. 
The results of a Rosenbaum (2002, 2005) sensitivity analysis are listed in Table 
2.6. The test statistic, Gamma, is calculated as a ratio of odds for two observations. 
Description and derivation of the Rosenbaum bounds are presented in Rubin (2006), Guo 
and Frasher (2010), and DiPrete and Gangel (2004). Following Guo and Frasher (2010), 
the odds ratio that two towns i and j adopt MSW user fees is: 
_Ttl_ 
(1-tti) _ iti (1 - itj) 
Ttj(i-tti) (i-nj) 
If two town have the same covariates x; = Xj , then the probability of adopting 
MSW user fees is the same for each town Tti = and the above odds ratio will equal 1. 
However, if an unobserved variable affects the probability of policy adoption and MSW 
generation, the two towns with similar covariates may have different probabilities of 
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Table 2.6. Rosenbaum Bounds 
p-Value for Gamma Hidden bias equivalent 
Gamma Upper bounds Lower bound Housing Value Membership 
1 0.000022 0.000022 0 0 
1.25 1.70E-06 0.000176 8.65 0.6 
1.5 1.40E-07 0.000709 15.31 1.1 
1.75 1.10E-08 0.001938 20.71 1.5 
2 8.70E-10 0.004149 25.27 1.9 
2.25 7.00E-11 0.007539 29.39 2.2 
2.5 5.70E-12 0.012209 32.50 2.5 
2.75 4.70E-13 0.018173 35.50 2.8 
3 3.90E-14 0.025383 38.20 3.0 
3.25 3.20E-15 0.03375 40.62 3.2 
3.5 2.20E-16 0.043163 44.63 3.5 
3.75 0 0.053502 44.91 3.6 
4 0 0.064644 46.80 3.8 I 
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policy adoption, 7ij f Jtj, and the above odds ratio will be different from 1. Rosenbaum 
derived a test statistics which can be used as a bound of the above odds ratio: 
l rti (l - Ttj) 
- < < r (19) 
r Ttj (1 - rci) 
When T = 1, then 7t, = 7ij, then the odds ratio is 1 assuming x; = Xj. When T = 2 
and assuming similar town covariates, the two towns could differ in probability of policy 
adoption by as much as a factor of 2, and one town may be twice as likely to adopt MSW 
user fees due to an unobserved variable. A Wilcoxon test statistic is calculated based 
upon the statistical significance in the outcome variable which corresponds for each level 
of T. Assuming the estimates are free of hidden bias, values of T close to 1 in which the 
corresponding p-value is at or above 0.05 indicate the results are sensitive to small 
changes induced by a hidden bias. High values of gamma are associated with robust 
results in which the effect of hidden bias must be relatively large to render the estimates 
not significant. 
Based upon the results listed in Table 2.6 a Gamma level of 3.75 has a p-value of 
0.053. The interpretation is that the odds ratio would have to change by a factor of 3.75 to 
render the estimates statistically insignificant at a significance level of 0.05. Based upon 
the Rosenbaum bounds sensitivity analysis, the results listed in Table 2.5 from using the 
kernel estimator with a bandwidth of 0.06 are relatively robust and thus are less sensitive 
to potential bias from an omitted variable. 
Included in Table 2.6 are estimates of the equivalent hidden bias associated with 
different Gamma levels. To render the estimated treatment effect to be insignificant as a 
result of hidden bias is equivalent to increasing median housing values by $46,000 above 
the current mean value of $224,000 (20% increase) or increasing membership in a 
60 
conservation organization from the current mean level of 1.4 members per 100 
households to 3.6 members per 100 households (257% increase). 
2.7 Summary and Conclusions 
The choice of evaluation method is motivated by: 1) the type of policy question to 
be answered and 2) whether program response is assumed to be heterogeneous or 
homogeneous across units. Matching methods are used to evaluate the program effect on 
subsets of the population when effects are expected to vary across units (Richard 
Blundell, and Monica Costa Dias, 2002). 
For this study, the average treatment effect on the treated (ATET) is used to 
estimate the effect of MSW user fees on communities which actually used some form of 
MSW user fees. Because communities self-select to implement MSW user fees, the 
program effects are assumed to vary across municipalities with those communities 
The results of this study suggest the effect of MSW user fees is a 41% to 53% 
reduction in the level of household solid waste disposed each year. Prior results from 
empirical studies using linear regression to estimate the program effect are a 27% to 41% 
reduction reported by Kinnaman and Fullerton (2000), 38% to 60% reduction reported by 
Dijkgraaf and Gradus (2009), and a 44% to 71% reduction reported by Huang et. al 
(2011). The higher values with Kinnaman and Fullerton (2000) and Huang et. al. (2011) 
results are associated with estimates after correcting for policy endogeneity. The 
estimates of ATET and ATEUT using matching methods suggest the effects of MSW 
user fees are heterogeneous across towns. Linear regression assumes these two values are 
equal. One advantage of matching methods is fewer econometric assumptions compared 
to linear regression methods. 
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This study used a cross-sectional data set of 180 towns located in New Hampshire 
with 34 towns using a form of MSW user fees in the year 2008. The average treatment 
effect on the treated (ATET) ranges from an average annual reduction of 631 pounds per 
household to 823 pounds per household. This represents a reduction of 41% to 53% from 
an average MSW of 1530 lbs per household for towns without MSW user fees. Based 
upon bootstrapping to estimate the estimator's standard error, the estimates are 
statistically significant at a significance level of 0.05. 
An assumption of matching methods is the conditional independence assumption 
which assumes that assignment to treatment is independent of outcome conditioned on a 
set of variables which control for policy adoption and MSW generation. This study used 
a parsimonious logit model to estimate the probability of policy adoption, referred to as 
either a propensity score or balancing score. The selection of explanatory variables was 
premised on prior empirical studies. Unique to this study is the use of membership in a 
private non-profit conservation organization to partially control for environmental 
activism. A regional indicator variable is used to control for observed clustering of 
municipalities with MSW user fees in three counties. 
Matching estimators are biased if unobserved variables affect the decision to 
adopt MSW user fees or MSW generation, and this effect varies across participants and 
non-participants. Rosenbaum and Rubin (1983) proposed a technique for evaluating the 
sensitivity of statistical significance of empirical results to the potential effect from an 
unobserved explanatory variable. Based upon the results of the Rosenbaum bounds for 
sensitivity analysis, the empirical results reported in this study are relatively robust to the 
potential effect of hidden bias. To render the estimates not statistically significant at 
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a 0.05 significance level requires the odds ratio of treatment assignment to change by a 
magnitude of 3.75. This potential hidden bias effect is equivalent to an increase in the 
median home value by $45,000, or an increase in environmental membership by 3.6 
members per 100 households. 
Areas for further investigation include the effect of MSW user fees on recycling 
rates and the effect of MSW user fees overtime. Although there is an increase in the level 
of recycling associated with communities using MSW user fees, cursory examination of 
recycling rates for communities with and without MSW user fees does not find the 
difference to be statistically significant at conventional levels. This warrants further 
investigation. 
This analysis was conducted using cross-sectional data for the year 2008. Results 
are sensitive to the selected time period. Analysis conducted for prior years finds smaller 
impacts. The U.S. economy experienced a significant recession in 2008. Further 
consideration should be given to controlling for the potential effect of an economic 
downturn on household behavior of waste generation. MSW user fees may have a 
differential impact on household waste disposal behavior during economic recessions 
compared to economic expansions. Are households who pay a user fee for trash disposal 
relatively more responsive to MSW user fees during a recessionary period compared to 
periods of economic prosperity? 
Some studies have suggested the observed decrease in MSW disposal but the 
absence of a corresponding increase in recycling may be attributed to illegal waste 
disposal. When a community adopts MSW user fees, there is concern that households 
choosing to avoid the additional cost will resort to "illegal dumping", such as disposing 
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garbage at trash collections bins used by locations serviced by private waste haulers. A 
limited number of empirical results suggest the practice of illegal dumping may partially 
account for the observed decrease in household solid waste associated with unit based 
pricing (D. Fullerton, and T.C. Kinnaman, 1993). To date there are no empirical results 
indicating illegal dumping is a significant ongoing practice associated with communities 
using MSW user fees. The results for this study are premised on the assumption that the 
estimated reduction in household waste disposal is not off-set by an increase in illegal 
solid waste disposal. 
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3 ESSAY 2: HOUSEHOLD PREFERENCES FOR RECYCLING SERVICES 
3.1 Introduction 
The rising cost to collect, transport, and dispose municipal solid waste is creating 
a financial incentive for states and municipalities to re-evaluate their current solid waste 
management policies and programs. An estimated 250 million tons of municipal solid 
waste (MSW) were generated in the United States in 2010. Of this amount, an estimated 
54% was buried in landfills, 12% was incinerated, and 34% was recovered from the 
waste stream and recycled (USEPA, 2011). 
The environmental costs associated with burying solid waste in landfills include 
the potential costs associated with air, water, and soil contamination, and the reduction in 
value of properties adjacent to landfills due to the negative externalities of landfills 
(heavy truck traffic, odor, wind born litter, dust). Methane gas emissions from landfills 
account for the second largest source of anthropogenic greenhouse gas emissions in the 
United States (Center for Sustainable Systems, 2009). Kinnaman (2008) and Dijkgraaf 
(2008) cite external costs of landfills as ranging from $5 to $14 per ton landfilled. 
Citizenry opposition to the siting of new solid waste disposal facilities accounts 
for the most significant factor precluding expansion or construction of new landfills (John 
M. Halstead, Joanna L. Whitcomb, and Lawrence C. Hamilton, 1999). The difficulty of 
siting new landfills adds an additional incentive for local government to implement MSW 
management practices which extend the capacity and life-use of existing landfills. 
States and local governmental units are motivated by financial, environmental, 
and social factors to reduce the quantity of MSW being disposed in landfills. Reducing 
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the quantity of solid waste going to landfills is primarily accomplished by increasing the 
diversion of recyclable materials from the solid waste stream. Separating recyclable 
materials from the stream of municipal solid waste is accomplished by the 
implementation of community recycling programs (CRP). 
The nationwide adoption of CRP by local governmental units began in the mid-
1980s and steadily increased through the 1990s. The number of municipal curbside 
recycling programs increased from fewer than 4,000 in 1990 to an estimated 9,247 in 
2000 (Eric M. Jamelske, and Steven Wessling, 2005, USEPA, 2003). There were an 
estimated 12,700 community drop-off centers collecting residential recyclable materials 
in 1997 (USEPA, 2003). Figure 3.1 shows the trend in the national recycling rate for the 
period 1960 to 2010. The per capita recycling level increased from 0.75 pounds per day 
in 1990 to 1.35 lbs. per day in 2000. The total tonnage of recyclable material diverted 
from the waste stream more than doubled from 33.2 million tons in 1990 to 69.5 million 
tons in 2000. 
However, during the past decade, 2000-2010, the percent increase in the 
diversion of recyclable materials was 20% compared to a 110% increase for the period 
1990 to 2000. The growth in the national recycling rate has declined over the past ten 
years. To increase the level of recycling, many states and municipalities are establishing 
new goals for recycling rates. The states of California and Florida recently enacted 
legislative initiatives to increase their statewide recycling rate from 39% to 75% by 2020 
(Florida Department of Environmental Protection, 2010, The Times Standard, 2011). The 
City of New York is implementing a new recycling initiative to increase its current 
recycling rate from 15% to 30% by 2017, and the City of Seattle, Washington set a goal. 
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of increasing its current recycling rate from 50% to 60% by 2012 (Elizabeth Olson, 2012, 
Seattle Public Utilities, 2010). 
Two alternative MSW programs which are increasingly being implemented to 
increase diversion of recyclable materials from the waste stream are unit-based pricing of 
household solid waste, and single-stream recycling. Both programs create incentives for 
households to increase their level of recycling. Unit-based pricing redistributes the cost to 
households to dispose solid waste by requiring households to pay a fee per bag of trash. 
The fee typically ranges from one to two dollars per plastic trash bag. Households can 
reduce their disposal costs by removing recyclables from solid waste. 
Single-stream recycling is designed to increase the convenience of recycling by 
allowing all recyclable materials to be placed into one container. Single-stream recycling 
eliminates the need to sort recyclables by material. Estimates of the number of single-
stream CRP programs vary from 100 city and regional programs in 2005 to 700 in 2007 
(University of Wisconsin 2007, The Economist 2007). The number of households with 
access to curbside CRP with single-stream collection has steadily increased from 11% in 
2000 to 29% in 2005 (AF&PA 2010). Single-stream recycling allows households to co-
mingle recyclables by placing all recyclable materials into one collection bin. Single-
stream recycling programs eliminate the need for households to sort and separate 
recyclables materials. Sorting and processing of recyclables is conducted at a materials 
recovery facility (MRF). 
The effectiveness of community recycling programs is dependent on household 
support and participation. Household recycling behavior is influenced by the quality and 
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level of recycling services, and the value households place on community recycling 
services. 
3.2 Study Area and Survey Design 
The purpose of this research is to identify the factors which may influence 
people's valuation of community trash and recycling services, and estimate their 
willingness to pay for trash disposal and switching to single-stream recycling services. 
The study area for this research consists of the three towns of Lee, Nottingham, and 
Northwood located in southeastern New Hampshire. The towns were selected because of 
the similarities of their solid waste disposal and recycling services. Each town provides 
household solid waste disposal and recycling services at the town's solid waste transfer 
station. Residents using the services must transport their trash and recyclables to the town 
transfer station. To use the services an individual must be a town resident. 
Each town relies on property tax revenues to pay the operating costs of the solid 
waste transfer facility, and the transportation and the disposal costs of solid waste. 
Households pay a fee to dispose of durable goods such as appliances and furniture. There 
is no limitation on the quantity of household solid waste disposed or frequency of use by 
a resident. Recyclables must be sorted by material (newspaper, cardboard, glass, metals, 
plastics). The level of recycling services and the quality of the facility varies across 
towns. The town of Lee has a completely enclosed facility where users drive their vehicle 
into the facility and then dispose their trash and recyclables. This drive-through feature is 
more convenient during inclement weather. Nottingham and Northwood have a mix of 
recycling bins located outdoors and indoors. 
69 
Contingent valuation methods are used to value non-market services such as 
municipal trash and recycling services, and require the use of some form of a 
questionnaire to generate data on household preferences. This study was conducted using 
a mail-mode survey with postage paid return envelope. The mail survey was conducted 
following most of the steps listed in the Tailored Design Method (Don A. Dillman, 
2000). 
The sampling frame was a list of property owners obtained from each town's 
property tax assessment office. Commercial and publically owned property and property 
owners residing outside of the town's jurisdiction were removed from the list. A pseudo­
random number generator using Excel software was used to assign a random value 
between 0 and 1 to each addressee. The values were sorted from lowest to highest and the 
first 400 entries for each town were selected for the sample. The sample consisted of 400 
residential property owners residing in the town. The total sample size was 1200. The 
survey was conducted during February and March 2012. 
Each survey packet contained a cover letter informing the recipient of their town's 
total annual expenditure for trash and recycling services, the average monthly cost per 
household for trash and recycling services, the town's landfill disposal cost of $75 per ton 
of solid waste, the town's annual community recycling rate, the prior year's savings from 
reduced disposal cost attributed to removal of recyclables from the waste stream, and the 
revenue from the sale of recyclable materials. 
The cover letter encouraged participation in the study and requested the person 
who is most familiar with managing the household's trash and recycling to complete the 
questionnaire. The protocol to use human subjects in the conduct of this study was 
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approved by the University of New Hampshire Institutional Review Board on September 
9,2011 (see Appendix C). 
The survey was designed with five sections (see Appendix B). Section I contains 
ten questions designed to identify a household's trash and recycling practices, and to 
identify the respondent's familiarity and frequency of use of the town's MSW and 
recycling services. The section also contains questions to identify the household's level 
of recycling by material (newspaper, paper, cardboard, metal and plastic containers). 
Section II presents two contingent valuation referendum formatted questions. The 
purpose of the first proposal is to identify the determinants of households' willingness to 
pay to dispose trash for the purpose generating revenues to support community recycling 
services. To estimate household valuation of recycling services, respondents are informed 
that without additional revenues community recycling services will be discontinued and 
only trash disposal services will be provided. To raise revenues for trash and recycling 
services households will be required to use and purchase specially designated plastic 
trash bags. The first proposal asks "in addition to what you currently pay for trash and 
recycling services, are you willing to pay $1 for each 30 gallon bag of trash disposed? If 
a respondent answers Yes, a follow-up question asks if they would pay $2. If the initial 
response is No, a follow-up question asks if they would pay 50 cents. A concluding 
question asks the respondent to indicate they level of certainty for their response to the 
proposal by indicating if they are probably sure or definitely sure. 
The purpose of the second proposal is to identify household preferences for 
switching from their current level of recycling services which require multiple sorting of 
recyclable materials, to single-stream recycling which permits all recyclable materials to 
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be co-mingled and placed in one collection bin at the transfer station. The section 
presents information about single-stream recycling, lists two benefits and two 
disadvantages, and the WTP question asks "In addition to what you currently pay for 
trash and recycling services, are you willing to pay $3 per month to switch to single-
stream recycling?" If the respondent answers Yes, the follow-up question asks if they 
would pay $4 month. If the respondent answers No, the follow-up question asks if they 
would pay $2 per month. Respondents are told the town will bill them every six months 
for this service. A concluding question similar to Proposal 1 asks the respondent to 
indicate their level of certainty for their response to Proposal 2 by indicating "Probably 
Sure" or "Definitely Sure". 
Section III contains the discrete Choice Experiment (CE) formatted questions and 
is described in Essay 3. The section contains five choice sets and is designed to estimate 
household preferences for different bundles of alternative trash and recycling services. 
Section IV identifies selected socio-economic information such as gender, 
education, household size, income, year at residence and employment status. The 
selection of variables was based upon results from prior CV and CE empirical studies of 
household preferences for solid waste and recycling services. (David Aadland, and 
Arthur J. Caplan, 2003, Thomas W. Blaine, Frank Lichtkoppler, Keith R. Jones, and 
Randall Zondag, 2002, Tracy Boyer, 2006, Eric Jamelske, and Grom Kipperberg, 2006, 
Katia Karousakis, and Ekin Birol, 2008, Gorm Kipperberg, and Douglas Larson, 2010) 
Section V is the concluding section and contains a series of questions to identify a 
respondent's attitude and concern regarding the state of the environment, their experience 
with recycling, their level of satisfaction with current trash and recycling services, and 
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the frequency the respondent makes "environmentally friendly" consumer choices ( i.e 
use of carpool and public transportation, buy local or organically grown foods, preference 
to products marked as "environmental friendly" or not tested on animals, and donate to 
environmental organizations or causes). A five point Likert scale is used to assess the 
level of agreement or disagreement with a given environmental statement ranging from 
strongly agree to strongly disagree, level of satisfaction ranging from very satisfied to 
very unsatisfied, or frequency of behavior ranging from never to regularly. 
A person's valuation of their town's trash and recycling services may be partially 
influenced by their attitude toward environmental issues and concern for global and local 
environmental problems. Ten questions from the New Ecological Paradigm (NEP) scale 
were used to measure a respondent's attitude toward environmental issues. The New 
Ecological Paradigm is a series of 15 environmental statements, where a respondent's 
level of agreement or disagreement to each statement is scored using a 5 point Likert 
scale. The statements address the balance of nature, limits to growth, and human 
domination of nature, and the likelihood of an ecological crisis (Riley E. Dunlap, Kent D. 
Van Liere, Angela G. Mertig, and Robert Emmet Jones, 2000). The NEP is one of the 
most commonly used survey methods by social scientists to measure environmental 
attitudes (A. Gwendolyn Aldrich, Kristine M. Grimsrud, Jennifer A. Thacher, and 
Matthew J. Kotchen, 2007) 
3.3 Contingent Valuation Model 
For purposes of benefit-cost analysis and evaluation of public policy, or 
assessment of monetary compensation for damages to natural resources, contingent 
valuation (CV) is used to estimate people's willingness to pay (WTP) for public goods 
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and services, and their valuation of environmental amenities and changes to 
environmental quality. In the context of this study CV was used to estimate the 
determinants of households' WTP for community trash and recycling services. The 
estimation results are used to calculate household WTP for municipal trash and recycling 
services. 
The use of WTP as a measure of value is founded on the theoretical welfare 
measures of compensating variation, compensating surplus, equivalent variation, and 
equivalent surplus. The theoretical exposition of these welfare measures is attributed to 
Hicks (1943). The economic theory underlying the use of contingent valuation to 
estimate monetary value of nonmarket goods and services is presented in Brookshire, 
Randall, and Stoll (1980), Mitchell and Carson (1989), Cameron (1991), Freeman (2003), 
and Carson (2005). Following the direct estimation approach and notation of Cameron 
(1988), Jamelske and Kipperberg (2006), and Banga, Lokina, and Mkenda (2011), using 
an expenditure framework, willingness to pay (WTP) is expressed as: 
WTP = e(Q0, Uo, S) - e(Q,, U0, S) (1) 
Where e(*) is an expenditure function representing an individual's expenditures at the 
current level of trash and recycling services, denoted Qo, and their expenditures at the 
new level of services, denoted Qi, holding the individual's utility constant at the 
individual's initial level of welfare, denoted Uo, prior to any proposed program changes. 
The vector S contains socioeconomic variables of the decision maker. 
Table 3.1 lists the four potential outcomes and the corresponding intervals which 
bound a respondent's unobserved true WTP. A series of two bids are presented to the 
respondent, where the level of the second bid is conditional on the response to the first 
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Table 3.1. Combination of WTP Responses Using Dichotomous Choice Format 
First Response 
to WTP Question 
Second Response 
to WTP Question 
Interval Bounds for 
Unobserved True WTP 
1. YES YES (BH, oo+) 
2. YES NO (Bo, Bh) 
3. NO YES (Bl, BO) 
4. NO NO (-°° , BL) 
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bid. Denote the initial bid as B0. If the respondent indicates Yes to B0, then a second bid, set 
higher than B0, denoted BH, where BH > B0, is presented to the respondent for a Yes or No 
response. If the respondent indicated No to the first Bid, B0, then a second bid, set lower 
than Bo and denoted Bl, where Bl < Bo, is presented to the respondent for a Yes or No 
response. For each respondent there are two responses. 
To estimate an individual's WTP, the econometric model is: 
Yi =  X ' i / 3 + s i  (2) 
Where Yj is the respondent's true but unobserved WTP for trash and recycling 
services. Assuming a linear functional form for Yj, WTP depends on individual 
socioeconomic characteristics in the vector X, and an unobserved random term which 
models all unmeasured determinants of WTP. For this study, the random error term is 
assumed to be independent and identically distributed, normally distributed, with mean 
zero, e~ N(0, a2). 
Yi is a latent variable. What is observed is the respondent's answer to the WTP 
question for a given bid value. The use of a two-bid format establishes the four intervals 
listed in Table 3.1 of which one interval bounds a respondent's true WTP based upon 
their response to the WTP question. 
To estimate the probability the respondent's true WTP lies within one of the 
specified intervals, let F(B) be the cumulative distribution function (CDF) of Y; such that 
F(B) = P(Y; < B). Given the CDF of a respondent's true WTP, the response probabilities 
are: 
1. P(YES, YES) = P(Yi > BH) = P( X'P + e > BH) = P(e > BH - X'P) = 
P( F > BJLZP-) = 1- F((BH - X'p)/o) (3) 
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2. P(YES, NO) = P(B0 < Yi < BH) = P(B0 < X'P + e < B») 
= P(B0 - X'p < e < BH- X'p) = P(g°"X < - <B"~X P) 
a a a 
=F((BH- X'P)/O) - F((B0 - X'P )/o) (4) 
3. P(NO, YES) = P(BL < Yi < B0) = P(BL < X'p + e < B0) 
Br — X'j? £ Bn — 
=P(Bl - X'P < e< Bo - X'P) = P(— < - < — -) 
a a a 
= F((Bo - X'P)/ct) - F((BL - X'P )/o) (5) 
4. P(NO, NO)=P(Yi < Bl)= P(X'P + e < Bl) = P( e < Bl - X'p) 
=p(;sS^r£>=F«Bi--x,P>'0)> <6> 
a a 
Given the above probabilities the log-likelihood function for the discrete double 
bound dichotomous choice CV model for n respondents is: 
LogL= ? [ (Ii IiH)log[F((BH - X'P)/ct)] 
+ Ii(l-IiH)log[F((BH- X'p)/o) - F((B0 - X'P )/c)] 
+ IiL(l-Ii) log[F((B0 - X'P)/ct) - F((BL - X'P )/o)] 
+ (l-Ii)(l-IiL)log[F((BL - X'P)/o))] ] (7) 
Where Bo is initial bid in the first question, Bh and Bl are the second bid for the 
follow-up question depending on the response to the first question. Ii, IH, IL are binary 
indicator variables with value 1 if the answer to the initial bid or the corresponding 
follow-up has been Yes, and 0 otherwise. The maximum likelihood estimator for the 
double bound dichotomous choice model, (3, a is the solution to the equations (Michael 





The separate estimation of p and a is possible because of the presence of the bid 
variable in the likelihood function. An estimate of mean WTP is: 
3.4 Empirical Results 
Of the 1200 mailed surveys, 522 were returned. The response rate is 43.5%. 
Eleven surveys were undeliverable and are omitted from the return count and 22 
questionnaires were returned blank. Of the 61 questions in the questionnaire 264 (50%) 
respondents skipped one or more questions, and 235 (45%) respondents answered all 
questions. 
Table 3.2 lists the sample returns by town and questionnaire version. There were 
four versions of the questionnaire associated with different choice sets listed in Section 
III. The choice sets are described in Essay 3. Respondents from Lee accounted for 38% 
of returned questionnaires, Nottingham 32% and Northwood 30%. 
Town and sample statistics are listed in Table 3.3. In general, sample respondents 
are older and have a higher completion rate of college or higher education compared to 
town statistics. Compared to town percentages, males are over-represented in the sample. 
This may partially be attributed to the cover letter instructions requesting the 
questionnaire be completed by the person who is most familiar managing the household 
trash and recycling. 
Respondents' ability to communicate their true willingness to pay (WTP) when 
valuing proposed changes to community trash and recycling services is influenced by 
E[Yi] = rp (10) 
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Table 3.2. Sample Returns by Town and Version 
Towns 
Lee Nottingham Northwood 
Version Count % Count % Count % Total % 
1 51 25 47 28 38 24 136 26 
2 56 28 45 27 45 29 146 28 
3 42 21 35 21 38 24 115 22 
4 52 26 38 24 35 23 125 24 
Total 201 38 165 32 156 30 522 
Table 3.3. Town and Sample Statistics 
Town Sample Town Sample Town Sample 




53 46 48 44 48 41 
Percent 
male 
47 54 52 56 52 59 
Age 
























$70,024 $97,500 $98,542 $82,500 $64,472 $67,500 
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their level of knowledge and familiarity with the current level of services, and having a 
clear understanding of the proposed changes (Eric Jamelske, and Grom Kipperberg, 
2006). 
Ninety-four percent of respondents indicated they were aware that their town 
provides trash disposal services at the town's solid waste transfer station, and 91% are 
aware recycling services are provided at the transfer station. Two percent indicated 
recycling services were not available, and two percent indicated they did not know. 
Respondents' knowledge and familiarity of services is attributed to direct participation, as 
78% of respondents take their trash to the town's transfer station, and 82% of respondents 
transport their recyclables to the facility. Fifty-five percent of respondents dispose their 
trash once a week, and 23% dispose their trash once every two weeks. 
Twenty-two households (4%) indicated they do not recycle. Of those who do 
recycle, 70% of households self-report they recycle 50% or more of paper materials 
(newspaper, paper, cardboard), and 75% or more of metal and plastic containers. One 
third of the respondents indicate they compost food waste. Overall, respondents are 
familiar with their town's trash and recycling services, and the average household 
recycles at least 50% of paper materials, and at least 75% of metal and plastic containers. 
The response frequencies and descriptive statistics for 10 environmental 
statements taken from the NEP are listed in Table 3.4. Pro-environmental attitude is 
associated with agreement with the even-numbered statements, and disagreement with 
the odd-numbered statements. 
The strongest pro-environmental attitude is associated with statement 4, "Humans 
are abusing the environment", with 86% of respondents agreeing with the statement.. 
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Table 3.4. Response Frequencies for Environmental Statements 
Environmental 
Statement 
SA MA U MD SD Mean Sd N 
1. Global climate change 
has been exaggerated. 
13% 22% 13% 16% 36% 3.4 1.5 484 
2. Plants and animals have 
as much right as humans to 
exist. 
51% 26% 6% 10% 7% 2 1.2 483 
3. Human advancements 
will ensure that the earth is 
always a livable place. 
10% 19% 35% 23% 13% 3 1.2 481 
4. Humans are abusing the 
environment. 
48% 38% 3% 6% 5% 3 1.1 485 
5. The balance of nature is 
strong enough to cope with 
the impacts of industrial 
nations. 
2% 11% 17% 28% 42% 4 1 485 
6. Earth is like a spaceship 
with limited resources. 
44% 33% 9% 8% 6% 2 1.2 479 
7. The earth as plenty of 
natural resources if we just 
learn how to develop them. 
18% 37% 16% 20% 9% 2.6 1.2 484 
8. The balance of nature is 
very delicate and easily 
upset. 
32% 40% 13% 12% 3% 2 1 485 
9. Nature is often resilient 
and recovers from 
pollution. 
6% 43% 13% 26% 12% 3 1.2 482 
10. If things continue on 
their present course, we 
will soon experience a 
major ecological 
catastrophe. 
21% 30% 25% 16% 8% 2.6 1.2 486 
SA= strongly agree, MA=mildly agree, U= nnsnre, MD= mildly disagree, SD= 
strongly disagree, Sd = sample standard deviation, N= number of observations. 
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Fifty-two percent disagree with the statement, "Global climate change has been 
exaggerated", 35% agree, and 13% are unsure. The largest uncertainty is associated with 
the statement 3, "Human advancement will ensure that the earth is always a livable 
place" with 35% of respondents indicating they are unsure. 
A single measure of pro-environment was constructed. Following Aldrich (2007), 
statements were coded such that a higher number indicates stronger pro-environmental 
attitude. Odd-numbered statements were coded such that strongly agree=l, mildly agree 
= 2, unsure = 3, mildly disagreed and strongly disagree = 5. The even-numbered 
statements were coded in the reverse order with strongly agree=5, mildly agree=4, 
unsure=3, mildly disagree=4, and strongly disagree=5. The sample average was 
calculated for the ten statements, and an indicator variable was constructed with pro-
environment = 1 if the sample average for a respondent was equal or greater than 3.5. 
Fifty-five percent of the respondents were categorized as pro-environmental based upon 
their responses to the 10 statement. Seventy-two respondents (14%) had missing 
observations and were dropped from econometric estimation. 
The use of a questionnaire to generate data allowed for identification of a 
respondent's experience with recycling, level of satisfaction with their town's current 
trash and recycling services, and the respondent's consumption patterns toward selected 
"environmentally friendly" practices. A Likert scale was used to record the frequency a 
respondent car pools or uses public transportation, gives preference to locally grown or 
organic foods, products marked environmental friendly or not tested on animals, and 
whether the respondent donates money to environmental groups or causes. The definition 
and descriptive statistics of the variables used in the contingent valuation models are 
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listed in Table 3.5. Contingent valuation was used to estimate household valuation for 
two hypothetical changes to a respondent's town's trash and recycling services. Proposal 
1 examines household willingness to pay a fee for each bag of trash disposed for the 
purpose of raising revenues to maintain community recycling services. Proposal 2 asks if 
households are willing to switch from their current community recycling services which 
require multiple sorting of recyclables to single-stream collection of recyclables. A 
double bounded dichotomous choice model was used to evaluate the determinants of 
household valuation. 
Table 3.6 lists the distribution of responses to Proposal 1. The initial bid is $1, the 
upper bid is $2, and the lower bid amount is 50 cents. Four-hundred and forty-five 
respondents (85%) completed both questions to the WTP question for proposal 1. Nearly 
60% of respondents indicated their willingness to pay a fee per bag of trash disposed is 
less than the lower bound bid of 50 cents. This result is indicative of the observed 
resistance and opposition of households to pay a fee for community services that have a 
long history of being provided with zero marginal cost. 
The model estimation was conducted following the estimation approach of 
Hanemann (1991). The statistical software used to estimate the model is ST ATA ® 
version 10.0 and the user-program is doubleb. The program uses maximum likelihood to 
estimate the coefficients with the assumption of the random error terms being 
independently and identically distributed with a normal distribution. The estimation 
results for Proposal 1 are shown in Table 3.7. 
Two models were estimated. Model 1 is a parsimonious model with 
income, gender, education, and number of children in the household as determinants of a 
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Table 3.5. Description and Summary Statistics for Variables 
Variable Description Mean Sd Min Max N 
1. Income Annual household income 
($1,000) 
76 28 7.5 105 393 
2. Gender Male = 1 
Female= 0 
0.56 0.49 0 1 416 
3. Education Years of education 15.92 3 9 22 438 
4. Children Number of children in 
household 18 years old or 
younger. 
0.64 0.97 0 4 405 
5. Proenviron Rating of respondent's 
environmental attitudes and 
beliefs. 
= 1 if mean>3.6 
= 0 otherwise 
0.55 0.49 0 1 381 
6. Green Rating of the frequency of 
environmentally friendly 
consumption choices 
= 1 if regularly practices 
= 0 otherwise 
0.35 0.47 0 1 409 
7. Recmore Could increase recycling if all 
recyclables can be placed in 
one collection container 
=1 if Agree 
=0 if Disagree or Indifferent 
0.31 0.46 0 1 415 
8. Notsatisfrec Rating of satisfaction with 
current community recycling 
services 
=1 if not satisfied 
=0 if satisfied or indifferent 
0.21 0.41 0 1 409 
9. Certainty 1 Respondent's self-reported 
level of certainty for WTP 
response to Proposal 1 
=1 if Definitely sure 
=0 if Probably sure 
0.59 0.49 0 1 404 
10. Certainty2 Respondent's self-reported 
level of certainty for WTP 
response to Proposal 2 
=1 if Definitely sure 
=0 if Probably sure 
0.70 0.45 0 1 409 
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Table 3.6. Distribution of Responses to Proposal 1 




Interval Bounds for 
Unobserved True 
Willingness to Pay 
1. First response: YES 
Second Response: No 54 12 ($2, oo+) 
2. First response: YES 
Second Response: No 87 19 ($1 , $2) 
3. First response: YES 
Second response: NO 43 10 ($1, $0.50) 
4. First response: NO 
Second response: NO 261 59 (-oo , $0.50) 
Total Respondents 445 100 
Table 3.7. Estimation Results for Proposal 1 
Model 1 Model 2 
Variable Coefficient z P>|z| Coefficient z P>|z| 
1. Constant -1.89 -3.29 0.001 -1.52 -2.43 0.01 
2. Income 0.01* 1.95 0.051 0.01 1.61 0.11 
3. Gender 0.004 0.02 0.981 0.34* 1.74 0.08 
4. Education 0.10 3.10 0.0002 0.06* 1.75 0.08 
5. Children -0.15 -1.50 0.135 h h  -0.26 -2.53 0.01 
6. Proenviron 0.63 3.03 0.002 
7. Green 0.51 2.56 0.01 
8. Recmore 0.47 2.21 0.03 
9. Notsatisfrec 0.48** 1.98 0.04 
10. Certainty 1 -0.96*** -4.76 0.0001 
Observations 378 331 
Wald chi2 18.69 57.99 
Log likelihood -419.71 -330.96 
*** Statistically significant at 0.01, ** statistically significant at 0.05 
* Statistically significant at 0.1 
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respondent's willingness to pay a fee per bag for trash disposal and increase revenues to 
support the community recycling program. 
In addition to the four variables from Model 1, Model 2 includes an additional 
five variables to model the influence a respondent's environmental attitude and beliefs, 
level of satisfaction with current services, and frequency of "environmentally friendly" 
consumption practices may have on a respondent's response to Proposal 1. Of the four 
variables for Model 1, income and education are statistically significant at significance 
levels of 0.1 and 0.01 respectively, and are consistent in sign with results reported by 
Jamelske (2006) and Aadland (2003). All else equal, Model l's results suggest higher 
levels of household income and increasing years of education are associated with an 
increase in WTP for trash disposal services to increase revenues for community recycling 
program. 
Model 2 demonstrates that environmental attitudes and beliefs, level of 
satisfaction with current recycling services, and consumption patterns all partially 
influence a household's WTP for trash disposal and community recycling. The five 
additional variables are all statistically significant and are significant in magnitude. 
Respondents' with pro-environmental attitudes and beliefs, and who practice green 
consumption behavior are willing to pay more compared to respondents who do not have 
a pro-environmental attitude and do not display green consumption behavior patterns, all 
else equal. 
Respondents who are not satisfied with services, and respondents who indicated 
they could increase their level of recycling with single-stream recycling service have a 
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higher WTP compared to respondents satisfied with recycling services and do not expect 
to increase recycling as a result of single-stream recycling service. 
The variable with the largest impact on WTP is the respondent's self-reported 
level of certainty to their response to Proposal 1. The coefficient on Certainty 1 is 
negative and statistically significant at a significance level of 0.01. Respondents who 
indicated they are definitely sure of their response have a lower WTP compared to 
respondents who indicated they were probably sure of their response, all else equal. Of 
the 309 respondents who indicated "No" to the initial bid of $1 per trash bag, 216 (70%) 
indicated they were definitely sure of their response. Of the 138 respondents who 
indicated "Yes" to the initial bid, 57 (40%) indicated they were definitely sure of their 
choice. 
After including the psychographic data in Model 2 and partially controlling for 
differences in respondents' environmental attitudes and behavior, and level of certainty to 
response to Proposal 1, the gender variable is statistically significant and suggests that 
males will pay 34 cents more per trash bag than females, all else equal. 
Proposal 2 was designed to examine respondents' willingness to pay to switch 
from their community's current recycling program which required multiple sorting of 
recyclables to a new recycling program called single-stream in which all recyclables can 
be placed in one collection bin. Proposal 2 asked the respondent, 'In Addition to what 
you currently pay for trash and recycling services, are you willing to pay $3 per month to 
switch to single-stream recycling?' The distribution of responses to Proposal 2 is listed in 
Table 3.8. Of the 522 returned questionnaires, 448 (85%) completed the willingness to 
pay question for Proposal 2. This proposal resulted in nearly three-quarters of the 
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Table 3.8. Distribution of Responses to Proposal 2 




Interval Bounds for 
Unobserved True 
Willingness to Pay 
1. First response: YES 
Second Response: No 62 14 ($4 , 00+) 
2. First response: YES 
Second Response: No 31 7 ($3 , $4) 
3. First response: YES 
Second response: NO 21 5 ($2, $3) 
4. First response: NO 
Second response: NO 334 74 (-oo , $2) 
Total Respondents 448 100 
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respondents indicating their willingness to pay is below the minimum bid amount of two 
dollars. 
Two models are estimated for Proposal 2. Model 3 controls for income, gender, 
education, and number of children in the household. Model 4 includes those variables and 
controls for environmental attitude and beliefs, "environmental friendly" consumption 
behavior, if respondent agreed with the statement that they could increase their recycling 
if all recyclables can be placed in one container, and a variable to control for level of 
certainty to their response to Proposal 2. Estimates are listed in Table 3.9. 
Income, education, and gender are positively associated with WTP for Proposal 2, 
however, only income is statistically significant at a significance level of 0.1. Model 4 
includes the psychographic variables. Of the four variables, Pro-environment and recycle 
more if single-stream is available are positively associated with WTP, are statistically 
significant at significance level of 0.1 and both have a large effect relative to the other 
explanatory variables. All else equal, respondents who hold pro-environment attitudes are 
willing to pay $1.41 per month more than respondent's without pro-environment attitude 
and beliefs. Respondents who expect to recycle more if single-stream recycling is 
provided are willing to pay $1.31 more than respondents who were uncertain or disagreed 
with the statement, all else equal. 
The level of certainty is the most statistically significant coefficient and has the 
largest effect relative to the other explanatory variables for WTP for Proposal 2. 
Respondents who are "definitely sure" of their response will pay on average $3 less than 
respondents who are "probably sure". 
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Table 3.9. Estimation Results for Proposal 2 
Model 3 Model 4 
Variable Coefficient z P>|z| Coefficient z P>|z| 
1. Constant -2.65 -1.44 0.15 -1.84 -0.89 0.37 
2. Income 0.02* 1.62 0.10 0.02 1.39 0.16 
3. Gender 0.28 0.65 0.65 0.66 0.92 0.35 
4. Education 0.03 0.31 0.75 -0.01 -0.07 0.94 
5. Children -0.64 -1.89 0.15 -0.63* -1.65 0.09 
6. Proenviron 1.41* 1.86 0.06 
7. Green 0.69 0.97 0.33 
8. Recmore 131* 1.79 0.07 
9. Certainty2 -3.00*** -3.80 0.001 
Observations 379 332 
Wald chi2 6.21 20.71 
Log likelihood -316.5 -259.32 
* Statistically significant at 0.1 significance level, ** statistically significant at 0.05 
significance level. *** Statistically significant at 0.01 significance level. 
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As noted earlier, nearly 75% of the respondents who indicated "No, No" to the initial bid 
of $3 per month, and the lower bid of $2 per month, indicated they were definitely sure of 
their response. This result may partially be associated with respondents who were very 
satisfied with their community's current solid waste management and recycling services 
and did not want any changes made or possibly attributed to protest bidders who object to 
any form of payment for trash and recycling services. Some respondents communicated 
they were wary of the expressed purpose of the survey being solely for academic 
research. Some respondents emphasized in their comments to leave their community 
alone and strongly communicated they did not want any interference from outside 
interests. They were concerned the results may be used to promote changes to trash and 
recycling services they did not want to occur in spite of specific survey language to the 
contrary. 
One reason for using a contingent valuation method to estimate household 
preferences for recycling services is CV methods support calculation of mean willingness 
to pay. Willingness to pay for a proposed program changes gives an indication of the 
monetary value households place on the new service. 
Proposal 1 asked respondents: "In addition to what you currently pay for trash and 
recycling services, are you willing to pay $1 for each 30 gallon bag of trash disposed?" 
Proposal 2 asked respondents: "In addition to what you currently pay for trash and 
recycling services, are you willing to pay $3 per month to switch to single-stream 
recycling?" 
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Estimation of mean WTP is: E(WTP) = X'/? 01) 
Where X  a vector of the mean value of the explanatory variables as is 
listed in Table 3.5, and (J is a vector of maximum likelihood estimates of 
the unknown population parameters as listed in Table 3.7 and Table 3.9. 
A histogram of willingness to pay for Proposal 1 estimated using Model 2 
coefficient estimates is shown in Figure 3.2. The distribution of willingness to pay for 
Proposal 2 using Model 4 coefficient estimates is shown in Figure 3.3. The bimodal 
distribution of WTP for Proposal 1 to introduce unit-based pricing of household solid 
waste for the purpose of generating revenues to support municipal trash and recycling 
services will be contentious among households. An estimated 118 (36%) households have 
a WTP which is less than zero, and 213 (64%) households have a positive WTP. The 
sample mean WTP is 44 cents per trash bag. The sample standard deviation is 91 cents. 
The distribution of WTP for Proposal 2 to switch to single-stream recycling 
suggests households are more uniformly opposed to the proposal. An estimated 240 
(72%) households have a WTP which is less than zero, and 92 (28%) households have a 
positive WTP. The sample mean is -1.13 dollars per month. The sample standard 
deviation is 1.94 dollars. 
Measurements of mean willingness to pay for Proposal 1 for Models 1 and 2, and 
mean willingness to pay for Proposal 2 for Models 3 and 4 are listed in Table 3.10. The 
results for Model 1 and Model 2 suggest the mean willingness to pay per plastic trash bag 
is 37 cents and 42 cents respectively. Using a sample of 37 towns in New Hampshire 
which require households to purchase specially designated trash bags for household solid 
waste disposal the average cost per bag is 69 cents. Prices range from $0.43 to $1.30 per 
trash bag. 
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Figure 3.2. Distribution of WTP for Proposal 1 Model 2 
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Table 3.10. Measurement of Mean Willingness to Pay 
PROPC >SAL 1 
Model 1 Model 2 
Mean WTP ($) 0.37 0.42 
PROPC >SAL 2 
Model 3 Model 4 
Mean WTP ($) -0.92 -0.86 
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3.5 Summary and Conclusions 
The motivation for this study was to identify the factors which partially influence 
a household's willingness to pay for a proposed change to their municipal trash and 
recycling services. Two referendum style proposals were evaluated. Proposal 1 asks if 
households are willing to pay $1 per trash bag to dispose household solid waste, and the 
revenues will be used to support the community's recycling program. Proposal 2 asked if 
households would be willing to pay $3 per month to switch to single-stream recycling 
from their community's current level of recycling service which requires multiple sorting 
of recyclables. Results for Proposal 1 suggest households are willing to pay on average 
37 to 42 cents per trash bag to support their town's recycling program. Results for 
Proposal 2 suggest households on average are not willing to pay a positive price to switch 
to single-stream recycling. Estimates of WTP range from -86 to -96 cents per month for 
switching to single-stream. 
The results of this study are one of the few studies to estimate willingness to pay 
for households who rely on their community's solid waste transfer station to dispose 
household solid waste and drop-off recyclable materials. The communities in this study 
do not provide curbside collection services. Under both WTP proposals households 
would continue to transport their solid waste and recyclables to the community's transfer 
station. 
The results of this study suggest psychographic variables are statistically 
significant predictors of decision makers' willingness to pay for trash and recycling 
services. The psychographic variables are statistically significant in both models 
predicting WTP for the two proposals. These results suggest models estimating 
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household WTP for municipal trash and recycling services will benefit from inclusion of 
variables modeling a decision maker's environmental attitudes, prior recycling 
experience, and frequency of "green consumption" practices. 
Furthermore, both models included a variable to model the respondent's self-
reported level of certainty associated with their response to the double bound 
dichotomous choice WTP formatted questions. In both models, the level of certainty is a 
statistically significant variable, and is negatively associated with WTP. A higher level of 
certainty is associated with a decrease in WTP. 
The positive WTP value suggests implementing some form of unit-based pricing, 
such as pay-as-you-throw requiring households to pay a fee for each bag of trash 
disposed may be an effective program to raise revenues for services, and concurrently 
reduce the amount of solid waste disposed and increase the amount of recyclable 
materials diverted from the solid waste stream destined for landfilling. 
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4 ESSAY 3: HOUSEHOLD PREFERENCES FOR TRASH AND 
RECYCLING PROGRAM ATTRIBUTES 
4.1 Introduction 
Over the past 30 years community recycling programs have significantly evolved 
from the practice where recycling consisted of organizing newspaper drives as 
fundraisers for school and civic organizations. Community recycling programs have 
developed in terms of the number of households served, type and quantity of materials 
recovered, and the use of automated technology for the collection, sorting, and processing 
of recyclable materials. Within the United States the recycling industry employed one 
million workers, generated $236 billion in revenues, and accounted for two percent of 
U.S. Gross Domestic Product in 2007 (Eric Prouty, 2008). 
Of the 34,000 incorporated municipalities in the United States, an estimated 
25,000 (73%) cities and towns provide access to community recycling programs serving 
87% of the U.S. population. Sixty-three percent of the U.S. population has access to 
curbside recycling programs, and 68% of the population has access to community "drop­
off' recycling programs where residents transport their recyclables to a designated 
collection facility. Many communities provide both curbside and drop-off collection 
services. The percent of households served by curbside collection relative to drop-off 
collection centers has increased 1.5% from 2000 to 2010 (American Forest and Paper 
Association, 2010), 
Coinciding with the expansion and development of community recycling 
programs (CRP) is an increase in the national recycling rate. The U.S. national recycling 
rate is calculated as the percent of total municipal solid waste (MSW) which is diverted 
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from disposal at landfills or incinerators. The percent of MSW generated that is recycled 
increased from 16% in 1990 to 29% in 2000 to 34% in 2010. The quantity of recycled 
materials account for 83 million tons of the 250 million tons of generated MSW each 
year. 
Motivated to reduce the cost of disposing municipal solid waste, MSW policy 
makers are evaluating the benefits and costs of alternative MSW and recycling programs 
designed to increase the quantity of recyclables diverted from the waste stream and 
increase the community recycling rate. The two most common collection and pricing 
programs being implemented in response to rising disposal costs are provision of 
curbside recycling collection programs and implementation of unit-based pricing which 
require households to pay a fee for each bag of trash disposed (Tracy Boyer, 2006). A 
relatively new development in the collection of recyclables is the adoption of single-
stream recycling. 
Single-stream recycling is a collection and processing system in which all 
designated recyclable materials are placed in one collection container or disposal bin. 
With single-stream recycling all recyclable materials (paper, metal, plastic, and glass 
containers) are co-mingled. Single-stream collection does away with the requirement to 
source separate recyclables based upon material content. 
Single-stream recycling programs were first started in California in the 1990s by 
the waste-management sector in response to the rising levels of recyclable materials. The 
increase in recyclables occurred as a result of the California statewide legislative mandate 
that local governmental units must divert 50% of MSW from landfills by 2000 (Container 
Recycling Institute, 2000). Diversion could be accomplished by source reduction, 
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recycling, and composting. Single-stream collection was developed as a way to reduce 
the relatively high costs associated with the collection of multiple sorted recyclables, 
compared to the collection of co-mingled recycled materials in one container. The 
reduced cost of single-stream collection is attributed to automated collection, use of 
larger collection bins, and use of single-compartment compaction trucks to collect and 
transport recyclables (Container Recycling Institute, 2000). Municipal adoption of single-
stream recycling has steadily advanced from the western states to eastern states. The 
percent of the U.S. population served by curbside single-stream collection of recyclables 
increased from 10% in 2000 to 27% in 2005 (American Forest and Paper Association, 
2010). 
An additional measure of the expansion of single-stream recycling is the increase in 
the number of facilities, called materials recovery facility (MRFs), needed to separate and 
process co-mingled recyclables. The number of MRFs increased from a total of 5 in 
1995, to 70 in 2001, to 160 in 2006. Table 4.1 lists the number of MRFs by region 
(Eileen Brettler Berenyi, 2007). The growth of single-stream recycling programs in the 
northeastern states is demonstrated by the change in the number of MRFs from zero in 
2001 to 15 in 2006. 
Empirical studies have been conducted to examine household preferences for 
municipal solid waste and/or recycling services. Studies using a contingent valuation 
approach include Kinnaman (2000), Blaine et. al. (2002), Aaland and Caplan (2003), Jin, 
Wang, and Shenghong (2006), Jamelske and Kipperberg (2006), Sarkhel (2010), and 
Banga et. al. (2011). Studies using choice experiment method include Jin et. al. (2006), 
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Table 4.1. Number of Single-stream MRFs by Region 2001 and 2006 
Geographical Area of the 
United States 
2001 2006 
Northeast 0 15 
South 20 36 
Midwest 9 37 
West 41 72 
Total 70 160 
Source: Materials Recycling and Processing in the United States: 
2007-2008 Yearbook and Directory 
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Boyer (2006), Karousakis and Birol (2008), Das (2008), Chuen-Khee (2009) and 
Kipperberg and Larson (2010). Jamelske and Kipperberg (2006) and Kipperberg and 
Larson (2010) estimate household willingness to pay for single stream recycling. Both 
authors report findings of mixed preferences for single-stream programs, even though 
proponents of single-stream commonly contend the attraction of single-stream is the 
convenience for households. Jamelske and Kipperberg (2006) suggest a third of the 
residents in Madison, Wisconsin display negative preferences for switching from dual-
stream to a single-stream curbside recycling system. Kipperberg and Larson (2010) 
reports similar results for a proposal to implement single-stream collection in Seattle, 
Washington. 
A contribution of this study to the municipal solid waste economics literature is the 
estimation of household preferences for trash and recycling services at municipal solid 
waste transfer stations where residents drop-off their trash and recyclables. All the 
previously cited studies were conducted for curbside trash and recycling programs. 
Relative to curbside trash and recycling studies, there are a limited number of empirical 
studies on drop-off trash and recycling centers (Shaufique Fahmi Sidique, 2008). 
The use of choice models to estimate household preferences for municipal trash and 
recycling services extended the analysis to household valuation of different features and 
outcomes associated with the proposed program changes. Results will identify the 
program features which are valued by households. 
4.2 Study Area and Survey Design 
A discrete choice model was used to estimate household preferences for alternative 
bundles of municipal household solid waste and recycling services. A discrete choice 
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model is a "highly structured method of data generation, relying on carefully designed 
tasks or experiments to reveal the factors that influence choice" (Katia Karousakis, and 
Erin Birol, 2008, p. 1101). 
The study area is the three towns of Lee, Nottingham, and Northwood located in 
southeastern New Hampshire. Socioeconomic statistics for each town are listed in Table 
4.2. The towns are similar in terms of population, number of housing units, and municipal 
solid waste and recycling services. None of the towns provide curbside collection of 
household solid waste or recyclables, and although recycling is mandatory in all three 
towns, enforcement varies across towns. A few survey respondents expressed a dislike of 
being told by the solid waste transfer operator to remove recyclables from their trash. 
The choice experiment was presented in Section III of the questionnaire. 
Respondents were asked to compare alternative trash and recycling programs and select 
the program they prefer based upon the different service levels and costs. Respondents 
were given a description of the services and encouraged to make their selection as if they 
were actually choosing the program they wanted their community to provide. 
A common approach to choice modeling is to present one or more choice sets to 
each respondent. For this study, the choice set listed three alternative municipal trash and 
recycling programs. Figure 4.1 shows an example of a choice set used in this study. Each 
choice set lists the 'bundles of services", referred to as attributes in the choice modeling 
literature, associated with each program. Each questionnaire presented the respondent 
with five choice sets. Each respondent makes a total of five choices, one choice for each 
choice set. The choice set listed three program alternatives. Two programs were 
generically labeled A and B, and the third was labeled as the Current Community 
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Table 4.2. Town Level Socioeconomic Statistics 
Town 
Variable Lee Nottingham Northwood 
2010 PopulationA 4,330 4,785 4,241 
Land area 
Square miles8 
20 46.5 28 
Housing UnitsB 1,953 1,941 2,139 
Median Housing Value 2008c 290,000 282,5000 230,000 
Tax rate per $1000 value" $25.42 $19.92 $24.56 
Median household income $70,024 $98,542 $64,472 
Civilian labor force" 2,626 2,801 2,434 
Families below poverty level" 4.2% 2.5% 0.2% 
Curbside trash program" None None None 
Recycling program" Mandatory Mandatory Mandatory 
Bachelor's degree or higher" 46.2% 41.5% 29.8% 
A. United State Census Bureau. 
B. New Hampshire Employment Security.2010 
C. New Hampshire Housing Finance Authority 
Figure 4.1. Sample Choice Set 
Choice Set 5 Program A Program B Current 
Community 
Program 
Trash Curbside You take trash to You take trash to 
Collection collection transfer station transfer station 
Recycling Curbside Curbside You take 





Place all recyclables 
into one container 
Multiple-stream 
Place paper, glass, 
metal, plastics into 
separate containers 
Multiple-stream 
Place paper, glass, 




Increase Increase No change 
Household Cost $2 per trash bag No additional fee No additional fee 
Please check 
the box for the 
program 
you choose: 
•. a •, 
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Program. The program attributes for the current community program were set at levels 
which corresponded to the community's current services. 
The program attributes were selected to identify the factors which influence a 
household's preferences for trash and recycling services. The attribute levels were field 
tested and subsequently modified prior to conducting the survey. 
The program attributes include: 
1. Type of household trash collection 
2. Type of household recycling collection 
3. Recycling sorting requirements, 
4. Expected change to community recycling rate 
5. Additional household cost. 
The five attributes and corresponding levels are reported in Table 4.3. The 
attribute levels designated status quo corresponds to the current service levels provided 
by each town. Choice modeling incorporates experimental design methods to select the 
combination of the program attributes to use in conducting a stated preference 
experiment. The attributes trash collection, recycling collection, and recycling rate were 
set at two levels, and the sorting requirement and household cost was set at three levels. 
The total number of possible service bundles is 72 (32*23=72). The use of experimental 
design methods for choice modeling is addressed by Breffle (2008), Hensher, Rose, and 
Greene (2007), Louviere, Hensher, and Swait (2000), and Rose, Bliemer, Hensher, and 
Collins (2008). 
JMP ® statistical software was used to generate the experimental design used for 
this study. There are two general approaches to experimental design. The most common 
is specifying an orthogonal fractional factorial design which results in the selection of 
attribute levels such that the attributes are statistically independent. The criterion for this 
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Table 4.3. Attributes and Levels for Choice Experiment 
Attribute Levels 
1. Trash collection 0 = homeowner transports trash to 
community solid waste transfer station 
(status quo) 
1 = curbside collection 
2. Recycling collection 0 = homeowner transports recyclables to 
community transfer station 
(status quo) 
1 = curbside collection 
3. Sorting recyclables 1 = single-stream 
All recyclables placed in one 
collection bin. 
2 = dual stream 
Separate paper materials from all 
other. 
3 = multiple stream 
Separate recyclables based upon 
material content (paper, glass, 
metals, plastics) (status quo) 
4. Community recycling rate -1 = decrease 
0 = no change (status quo) 
1= increase 
5. Household cost 0 = no additional cost (status quo) 
1 = one dollar per trash bag 
2 = two dollars per trash bag 
6. Status quo 0 = Current community program 
1 = Alternative programs A and B 
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design is orthogonality between the design attributes (David A. Hensher, John M. Rose, 
and William H. Greene, 2005). 
This study used an optimal design criterion, D-optimal, which maximizes the 
statistical efficiency of the design. D-optimal maximizes the determinant of the variance-
covariance matrix of the attributes. The experimental design was specified for a model to 
estimate all main effects and an interaction effect between trash and recycling. The effect 
of recycling collection on a respondent's choice of programs is hypothesized to be 
influenced by the level of service for trash collection. 
In a comparison of design strategies when one alternative is a fixed reference 
alternative, Rose (2008) reports findings which suggest D-efficient designs produce 
significantly improved results in terms of relative efficiency to the more common 
orthogonal designs. D-optimal designs are appropriate for models and initial screen 
purposes when the experimental goal is to identify the factors influencing choice, and 
when parameter estimation is key (JMP Software, 2010). 
Of the 522 returned questionnaires, 446 respondents (85%) completed the five 
choice sets. Respondents with incomplete choice sets were dropped from analysis. The 
experimental design listed 40 of the 72 possible program combinations. The 40 programs 
were blocked into 4 groups, with 10 programs in each block. Respondents were randomly 
assigned to one of the 4 versions. Each respondent evaluated 5 choice sets. A choice set 
listed two programs and the reference program. The reference program levels were set at 
the community's current service levels. There are 15 observations for each of the 446 
respondents, resulting in 6,690 observations for estimating the choice model. 
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4.3 Choice Model 
The model of discrete choice has been presented and extended in numerous 
publications including Louviere, Hensher, and Swait (2000), Alpizar, Carlsson, and 
Martinsson (Francisco Alpizar, Fredrik Carlsson, Peter Martinsson, 2001) (2001), and 
Hensher, Rose, and Greene (2005). The estimation of welfare measures from discrete 
choice models is presented in Small and Rosen (1981). 
Adamowicz, Louviere, and Swait (1998) identify the behavioral foundations of 
the choice model as consisting of the Lancastrian consumer theory (Kelvin J. Lancaster, 
1966) in which consumers' obtain utility from a good's attributes, and random utility 
theory (Daniel McFadden, 1986, L.L. Thurstone, 1927) which explains human judgment. 
In the context of choice models, if an individual is asked to choose one alternative from a 
set of alternatives, random utility theory is similar to the standard microeconomic 
canonical model of consumer theory, in which an individual will choose the alternative 
from which he/she obtains the highest level of utility relative to all other alternatives. 
Random utility theory introduces a random term into the utility expression to model the 
outcome that from the researcher's perspective the individual's utility consists of a 
deterministic component and a random component and is expressed as: 
Ui = Vi + £i (1) 
Where: 
Uj  = unobservable utility associated with alternative i 
Vi = systematic utility component 
Ei = random utility component 
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The error term is introduced to model for variation in choice due to errors in judgment by 
the individual, or measurement or modeling errors attributed to the researcher 
(Adamowicz, Louviere, and Swait 1998). The following notation and standard 
framework for the discrete choice model follows Hensher, Rose, and Greene (2005): 
The deterministic component, Vi, is modeled as a linear relationship with each of 
the alternative's attributes weighted by the marginal utility associated with each 
attributed. The deterministic component is expressed as: 
Vi = Deterministic component of utility associated with alternative i 
Poi = alternative specific constant, measures on average the contribution of 
unobserved sources to utility. 
pn=  the  pa ramete r  which  represen t s  the  u t i l i ty  we igh t  a s soc ia ted  wi th  
attribute Xi associated with alternative i. 
The objective of choice modeling is to estimate the population parameters 
represented in equation 2. Given the random term in equation 1, the choice model is 
motivated by estimating the probability an individual, n, will make a particular choice. 
Denote the probability of choosing alternative i as Pi, then based on random utility 
theory, the probability of choosing alternative i is: 
P„i = P(Uni > U„j) for every j in the choice set; i ^ j (3) 
Substituting equation 1: 
Vi - Poi + P.iXn + p2iX2i + P3iX3i +...+ PkiXki (2) 
Where: 
P ni P[(Vni + eni)>(Vnj + 8nj)] 
This is re-arranged as: 
Pni = P[(enJ-en,)<(V„,-Vnj)] 





Let / be an indicator variable such that I =1 when (s^ - e„i) < (Vnj - Vnj) is true, 
and 7=0 otherwise, and /(E„) is the density function. 
Starting from equation 3c, this is a J-l -dimensional integral, and the derivation 
of a statistical model which can be used to estimate the probability is given in Louviere, 
Hensher, and Swait (2000). All choice models require an assumption of the distribution 
of the random term. An initial assumption is to assume the random terms are independent 
and identically distributed (IID) and the distribution is extreme value 1 (EV1). With these 
two assumptions the difference in two extreme value random variables, e = £j - e* , is 
distributed logistic (Train 2009), and is estimated using a multinomial logit statistical 
model (MNL).The probability individual n chooses alternative j given J alternatives in 
choice set C is 
exp(V0 expifi'xi) . , „ . T . /. p m — =—j —— j=  1 ,2 . . .  l . . .  J , i ^ j  (4 )  
}=1 exp(VY) Y=1 exp(P'xj)  
The notation exp denotes the exponential function. As described in equation 2, the 
indirect utility function Vni(*) is assumed to be a linear and additive function of the 
characteristics associated with each alternative. Such characteristics are also referred to as 
alternative specific attributes and vary across choice alternatives. A model with only 
alternative specific attributes is referred to as a conditional logit model. The model can be 
extended to include socioeconomic and psychographic characteristics of the decision 
maker which may partially influence their choice behavior. The stochastic indirect utility 
functions is expressed as 
'nj fc=l Pjk xnjk (5) 
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Given a set of N individuals and assuming all observations are independent across 
individuals and across individuals' choices, the joint probability of observing all 
individual outcomes can be calculated as the product of the individual probabilities. The 
likelihood function is the joint probability of all the observed outcomes, and is expressed 
as 
L= SU Wnl" («> 
Where Pnj is the probability individual n choose alternative j, and Y„j is an 
indicator variable such that Ynj = 1 if individual n choose alternative j and Ynj = 0 
otherwise. For computation purposes, the likelihood function is transformed to a 
logarithmic function, expressed as 
logL= 5U J jm lr MlogPn j  (7) 
The motivation for choice modeling is to estimate the unknown population 
parameters which are the "utility weights" individuals place on the utility differences 
associated with the alternative attributes. The probability Pnj is unknown; however, 
equations 5 and 6 can be substituted into equation 8. The log-likelihood function is 
it -  N J  v i r expQ3 'x j )  
n=1 y-l ni l0gl >S1 expos'*;) (8> 
The importance of the above expression is it now is a function of the unknown 
population parameters, P's, and the known and observed variables Yni and the vector of 
variables xn jk .  
The estimated values of p are the values which maximize the log-likelihood 
function and are calculated using an iterative non-linear maximization algorithm. The 
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theoretical background of the maximum likelihood estimation in the context of choice 
modeling is detailed in Louviere et. al. (2002) and Train (2009). 
A probability axiom of the multinomial logit model is the Independence from 
Irrelevant Alternatives (IIA) axiom. The IIA assumption states the ratio of the choice 
probabilities of choosing one alternative over another is unaffected by the presence or 
absence of any additional alternatives in the choice set' (Jordan J. Louviere, David 
Hensher, and Jeffre Swait, 2000). The assumption of IDD implies the random error terms 
are IID, and the variance-covariance matrix of the random error terms is constant along 
the diagonal and the off diagonal elements are zero. 
A discrete choice estimation model which does not require the IIA assumption is 
the mixed logit model. The mixed logit model allows the researcher to specify the utility 
coefficients as either fixed or random. Following Train (2009), utility is expressed as 
Unj = P n^nj + £<ij (9) 
The vector Xnj are the choice attributes and decision maker characteristics which 
explain the decision maker's choice, pn is a vector of individual specific fixed and 
random coefficients as specified by the researcher, and e„j is distributed iid extreme 
value. The random coefficients can be modeled as having a probability density function, 
denoted /(P), with parameters 0 which represent the population mean and covariance of 
the p's. The probability individual n chooses alternative i is the integral of the log 
likelihood function over all possible values of pn. Train(2009) expresses the probability 
of individual n choosing alternative i from J alternatives as 
Pni= J Lni(P) /(P) dp (10) 
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With Lni(P) = [ exp(P 'xn i) 
Zjexptf 'Xn jy (11) 
The log likelihood function is 
Log L = £=1log Pn(0) 
The estimates of P cannot be solved analytically (Hole 2007) and are 
(12) 
approximated using simulation expressed as 
(13) 
The probabilities are approximated for a given vector of 0 and Train (2009) 
describes the simulation algorithm as consisting of 
1. Draw a value of P from /(P|0) and label it pr, with r=l for the first draw. 
2. Calculate the probability using Lni(P) 
3. Repeat steps 1 and 2 many times, and average the results using equation 13. 
The simulated probabilities are used in the simulated log-likelihood function (SLL) 
Where Y„j is an indicator variable with Ynj = 1 if individual n chooses alternative 
j, and Ynj = 0 otherwise. 
4.4 Empirical Results 
Data generated from the choice experiment were analyzed using a conditional logit 
model and a mixed logit model. Empirical estimation using conditional logit and mixed 
logit is presented in Louviere et. al. (2000), Champ et. al. (2003), Hensher et. al.(2005), 
and Train (2009). 
The use of the conditional logit model for welfare analysis is attributed to the work 
and seminal contributions of Daniel McFadden (1986, 2000). McFadden is recognized 
SLL /=i Ynj In n=l j l n j  (14) 
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for the formal theoretical integration of the conditional multinomial model and random 
utility theory with hedonic analysis of choice alternatives (Patricia A. Champ, Kevin J. 
Boyle, and Thomas C. Brown, 2003). The inclusion of a cost attribute makes estimation 
of welfare measures for nonmarket valuation possible. 
The cost variable for this choice model is set at $1 or $2 per trash bag. The cost 
for the current community program is $0 per trash bag. No fee is assessed for trash 
disposal under the current program. Estimation results for the conditional logit model are 
listed in Table 4.4. Three models were estimated. Model 1 is a model of the five program 
attributes as described in Table 4.3. Absent conducting a logit transformation such as 
calculating elasticities or marginal effects, initial interpretation of decision maker's 
behavior is confined to the coefficient's sign, relative magnitude, and statistical 
significance (David A. Hensher, John M. Rose, and William H. Greene, 2005). For 
Model 1, mode of trash collection is not a statistically significant predictor of program 
choice. The cost variable is statistically significant, and has the expected sign of negative, 
and has the largest relative effect on program preference. 
The three other program attributes are statistically significant predictors of program 
choice, and suggest households prefer transporting their recyclables to the transfer 
station, prefer sorting their recyclables, and favor programs which increase the 
community recycling rate, all else equal. The experimental design of the choice 
alternatives was specified to allow for estimation of the potential interaction effect 
between modes of trash and recycling disposal on program choice. 
Model 2 includes a variable to model the interaction between mode of trash and 
recycling collection. The intuition is that the effect of mode of recycling collection on a 
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Table 4.4. Estimated Coefficients from Conditional Logit Model 











Cost -1.171'" -1.178"* -0.945*" -1.447*" 
(0.060)8 (0.063) (0.066) (0.216) 
Trash collection -0.065 -0.778* * 0.080 0.482 
(0.076) (0.110) (0.136) 0.097 
Recycle collection -0.270 -0.882* * -0.029 A . W 9 W  0.408 
(0.078) (0.105) (0.132) (0.105) 
Sorting requirement 0.411* * 0.339 -0.111 -0.191 
(0.043) (0.043) (0.059) (0.066) 
Community recycling rate 0.390* * 0.461 0.522 0.563 
(0.041) (0.044) (0.047) (0.052) 
Trash*recycleb 0.356* * 
(0.027) 
Status quo -1.435*" -2.865*" 
(0.130) (0.349) 
Cost* income 0.004* 
(0.002) 
Cost* proenvironment 0.297* 
(0.121) 
Education*status quo 0.033 
(0.019) 
Notsatisfrec*status quo l.ior* 
(0.138) 
Recmore*status quo 1.222 
(0.123) 
Log-Likelihood -1691.064 1637.238 -1568.265 -1210.164 
Pseudo R2 0.309 0.331 0.359 0.383 
Number observations 6690 6690 6690 5385 
8 Standard errors are in parentheses. * indicates significance level of 0.1, 
indicates significance level at 0.05, and indicates significance level 
at 0.001. 
b Estimates are mean values. 
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Table 4.5. Mean Values of Interaction Effect 
Variable Mean SD Min Max N 
Trash*Recycle 0.356 0.197 0.020 0.555 6690 
Standard error 0.027 0.129 0.003 0.041 6690 
Z-statistic 12.047 2.357 6.740 14.808 6690 
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decision maker's choice of program is partially influenced by the mode of trash and 
recycling collection. If trash is collected curbside, households are expected to display a 
greater preference for a program with curbside collection of recyclables. 
The logit cumulative distribution is 
1 
F(U) ~ l+e-(£l*l+ 02*2+ 012*1*2+*'« 0 5) 
When both interacted variables are dummy variables and the estimates are obtained using 
a logit model, the interaction effect is: 
A2 f u 
-—-— = (312 F u  1-Fu  + p 1 +P12X2 P2+Pi2Xi [Fu  1 -  F(u  )  1  — 2F u ] (15a) AXiAX 2 
The above formula shows the interaction effect can be nonzero even if P12 = 0 
because the interaction is conditioned on the other independent variables. This is not the 
case for linear models. The sign of the interaction effect can vary for different covariate 
values, and this does not necessarily indicate the sign of the interaction effect (Chunrong 
Ai, and Edward C. Norton, 2003, Edward C. Norton, and Hua Wang, and Chunrong Ai, 
2004). Hypothesis testing of the interaction effect cannot be determined using the z or t-
test reported in standard commercial statistical software. 
Estimation of the interaction term for nonlinear models followed the analytical 
method described in Ai (2003) and Norton (2004). Results are reported in Table 4.4. 
Estimates of the mean value of the interaction term coefficient, mean standard error, and 
mean z statistic are listed in Table 4.5. Inspection of the min and max values reveals the 
interaction coefficient varies from 0.020 to 0.555, and remains positive across all 
covariate values. The z-statistic ranges from 6.74 to 14.80 and is statistically significant 
across all covariate values. 
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The consistent positive value of the interaction coefficient across covariate values 
and its statistical significance suggests there is a differential impact on a decision maker's 
program choice when trash collection mode and recycling collection mode are both 
curbside. The individual coefficients on trash mode and recycling mode are negative. The 
positive value of the interaction term suggests the utility loss associated with curbside 
collection relative to transporting trash and recyclables to the community transfer station 
is partially reduced when both collection modes are curbside. 
Model 3 includes an alternative specific constant (ASC) to model a household's 
preference for their community's current level of trash and recycling services. The status 
quo variable is significant in terms of magnitude and statistical significance. The status 
quo variable was coded such that the current community program equals 0, and programs 
A and B equal 1. The negative signed coefficient indicates households associate a 
reduction in utility with adoption of alternative programs relative to the current 
community's trash and recycling services. This result is consistent with the survey result 
indicating 73% of households are very satisfied or satisfied with their community's trash 
disposal services, and 77% of households are very satisfied or satisfied with the recycling 
services provided by their community. 
The cost, sorting and community recycling rate variables are statistically 
significant in Model 3. When controlling for the status quo, the sign on sorting coefficient 
changes from positive in Models 1 and 2 to negative in Model 3 when controlling for the 
status quo. A positive coefficient on sorting requirements suggests a reduction in utility 
as sorting requirements increase relative to single-stream recycling, and a negative 
coefficient suggests households prefer single-stream relative to increased sorting. 
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All else equal households on average prefer their current level of trash and recycling 
services relative to programs with different service levels. 
Model 4 includes socioeconomic, environmental attitude, level of satisfaction 
with recycling, and an indicator if respondent expects to increase their level of recycling 
with single stream. The positive coefficient sign for the interaction of income with cost 
and environmental attitude with cost indicates higher income households and respondents 
with pro-environmental attitude are willing to more for trash and recycling services. This 
pair of results is similar to findings reported by Karousakis and Birol (2008). 
The positive and statistically significant coefficient associated with the interaction 
terms of education, not satisfied with recycling services, and expected increase of 
recycling with single stream with the alternative specific constant for the status quo level 
of services all suggest individuals with higher level of education, individuals who are not 
satisfied with current recycling services, and individuals who expect to increase their 
level of recycling if single stream recycling obtain positive utility switching from the 
status quo level of services. These results also suggest heterogeneity across households 
regarding valuation of current community services. 
However in the context of this study, where decision makers are making multiple 
choices it is likely the unobserved factors influencing choice are likely to be correlated 
across choices. This would violate the IID assumption implied by the IIA axiom. Another 
likely potential source of introducing either difference in the random component 
variances and/or co-variances among the choice alternatives is the designation of the 
reference alternative as "Current Community Program". If respondents infer additional 
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information for the labeled third alternative, such as the opportunity to socialize with 
other community members when disposing household trash and recyclables at the 
community solid waste transfer station, then it is likely this unobserved information 
(omitted variable bias) may be correlated with the random component (Louviere 2002). 
To test for the independence of irrelevant alternatives, Hausman and McFadden 
(1984) developed a test statistic calculated using the fully specified model with all 
alternatives, and a restricted model without one of the alternatives. The results of the 
Hausman test for Model 1 excluding the current community program alternative results in 
rejecting the null hypothesis that IIA is satisfied at a significance level of less than 0.001. 
Two approaches to modeling a choice experiment when the basic conditional logit 
models fails the assumption of IIA is to either introduce socio-economic and 
psychographic variables interacted with one or more attribute variable to partially control 
for individual heterogeneity, or to model the choice data using a less restrictive model. 
This study used a mixed logit model to re-estimate the prior three models using 
the same set of variables. The mixed logit model is more appropriate for modeling choice 
data when decision makers are making multiple choices. In this study, decision makers 
made five choices, one for each set. Empirical estimation using the mixed logit model is 
described in Hensher (2001) and in Train (2009). The estimated coefficients using the 
mixed logit model are listed in Table 4.6. Interpretation of coefficient estimates is similar 
to the prior description of the conditional logit model. The mixed logit model used the 
same set of explanatory variables as used in the previous conditional logit models. 
The coefficient sign and level of statistical significance across the two sets of 
models (conditional logit and mixed logit) are similar. The magnitude of the coefficients 
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Table 4.6. Estimated Coefficients from Mixed Logit Model 









Mean SDb Mean SD Mean SD 
Cost -1.946*" -2.400'" -2.081*" 
(0.129)3 (0.186) (0.177) 
Trash -2.148 3.192*** A  1 -4.761 5.720"' -2.459 3.368*** 
(0.362) (0.375) (0.728) (0.814) (0.586) (0.606) 
Recycle -1.156 2.194''' -2.397* * 3.592* -0.772 * 1.917*'* 
(0.254) (0.330) (0.453) (0.682) (0.368) (0.448) 
Sorting 1.141 1.501 1.301 2.050 0.131 1.000''' 
(0.151) (0.165) (0.184) (0.240) (0.187) (0.241) 
Rate 0.691 1.304* * 1.163 1.504* 0.947* 1.641 
(0.139) (0.143) (0.176) (0.188) (0.214) (0.209) 
Trash*rec 4.885 5.107 1.861" 2.851* 
(0.900) (1.041) (0.841) (0.489) 
Status quo ^ -2.223 2.275 
(0.383) (0.460) 
Log-
Likelihood -1198.65 -1151.941 -1129.320 
Number 
observations 6690 6690 6690 
a Standard errors are in parentheses. * indicates significance level of 0.1, 
indicates significance level at 0.05, and indicates significance level 
at 0.001. 
b SD = standard deviation 
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Table 4.6 Estimated Coefficients from Mixed Logit Model continued 






Cost www -2.231 
(0.483) 
Trash -0.103 2.206 
(0.251) (0.321) 
Recycle 0.507* 1.764* 
(0.255) (0.184) 
Sorting -0.443* * 0.751 
(0.148) (0.184) 
Rate 0.952 1.746*" 
(0.177} (0.218) 






Education* status quo 0.161 0.206* 
(0.100) (0.110) 
Notsatisfrec*status quo 2.606* * 4.590'" 
(0.577) (0.782) 
Recmore* status quo J
1 , ^  if* 2.408 2.787* * 
(0.531) (0.613) 
Log-Likelihood -933.765 
Number observations 5385 
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is larger with the mixed logit compared to the conditional logit. This result is consistent 
with use of the mixed logit model and addressed by Revelt and Train(1998). The increase 
in magnitude of the parameters by a factor of three or more indicates modeling the 
parameters as random variables accounts for a large share of the variance in unobserved 
utility (D. Revelt, and K. Train, 1998). 
Cost continues to be statistically significant at a significance level of 0.01, and the 
coefficient's negative sign indicates households prefer programs with lower costs, all else 
equal. Households consistently prefer programs which are expected to increase the 
community recycling rate. The alternative specific constant (ASC) for the status quo 
choice is statistically significant in Model 7 and has the largest effect on households' 
choice. Households prefer their current community services. 
The mixed logit model was estimated with the cost variable specified as non-
random, and the six additional program attributes as random with a normal distribution. 
A normal distribution supports the hypothesis that the coefficient sign can be positive or 
negative. The model was estimated using STATA® software (Arne R. Hole, 2007), and 
because decision makers were making choices across three alternatives, and five choice 
sets, the random coefficients were modeled as being correlated. The model was estimated 
following the suggestion of Revelt and Train (1998) to conduct 100 random draws to 
estimate the unconditional probabilities used in the simulated maximum likelihood 
function. The computer processing time to estimate the mixed logit model with correlated 
random coefficients for Model 7 averaged 1.5 hours and 3.5 hours for Model 8. 
Model 8 includes 5 interaction effects. The interactions of income with cost and 
environmental attitude with cost are not statistically significant at 0.10; the p-values are 
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0.83 and 0.30 respectively. The 3 interactions of education, not satisfied with recycling 
services, and expect to recycle more with single stream recycling with the status quo are 
statistically significant at significance levels of 0.107, 0.001, and 0.001 respectively. The 
positive sign of the coefficients suggest households with higher level of education, or are 
not satisfied with recycling services, and who expect to increase recycling with single 
stream have a positive valuation of alternative programs and obtain an increase in welfare 
from moving away from the current community program. The results suggest model 
estimation improves when accounting for heterogeneity of preferences for the status quo. 
The mixed logit model accounts for heterogeneity across decision makers. All the 
estimates of the coefficients' standard deviations are statistically significant at a 
significance level of 0.01 across all three models as shown in Table 4.6. Given the 
statistical significance of the coefficients' standard deviations, unobserved heterogeneity 
occurs with these program attributes. 
The coefficient means and standard deviations are used to calculate the share of 
households that have a positive preference for the program attribute, and the share with a 
negative value (Arne R. Hole, 2007). Using the value of the coefficient mean and 
standard deviation estimates from Model 6, only 23% of households prefer curbside trash 
collection, 34% prefer curbside recycling collection, 45% prefer less sorting and 55% 
prefer more sorting of recyclables, and 72% prefer programs which increase the 
community recycling rate. Only 17% of respondents prefer changing from their 
community's current level of trash and recycling services2. 
2 Calculation obtained by 100*®(-bk / sk) where $ is the cumulative standard normal distribution and bkand 
Sk are the kth mean and standard deviation respectively for the kth coefficient. 
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4.5 Marginal Willingness to Pay for Program Attributes 
The inclusion of a cost variable makes possible calculation of decision maker's 
marginal willingness to pay (WTP) for selected program attribute. For qualitative 
attributes the implicit price is the willingness to pay for a discrete change in attribute 
level (Sergio Columbo, Javier Calatrava-Requena, and Nick Hanley, 2006), and for 
quantitative attribute, the implicit price measures the WTP for one more additional unit. 
The implicit prices for the program attributes are listed in Table 4.7 for the 
conditional logit model and the mixed logit model. The formula is 
Marginal willingness to pay = (16) 
PCost 
Where Pk is the parameter on attribute k, and pcost is the parameter on the cost 
variable. For the three models 1, 4, and 6 households experience welfare loss for a 
discrete change in mode for trash and recycling collection of switching from the 
homeowner transporting their trash and recyclables to the community solid waste transfer 
station, to curbside collection service. In the survey comment section, several households 
stated they have long driveways in rural areas and live a long distance from the main road 
and did not view curbside collection as practical. 
The positive implicit price for the recycling sorting requirement is statistically significant 
at the 0.05 significance level for Models 1 and 4 and suggests households value sorting 
recyclables and associate a loss of benefits with using single-stream recycling. 
Respondents' comments also suggest some households are skeptical about the quality of 
the recyclables when all recyclables are co-mingled. 
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Table 4.7. Implicit Prices for Program Attributes 
Conditional Logit Model 
Implicit price ($) 





































Education*status quo 0.023 
(-0.003,0.508) 
Notsatisfrec* status quo 0.765 
(0.522,1.132) 
Recmore*status quo 0.844 
(0.601,1.226) 
Note: 95% confidence intervals in parenthesis estimated using Krinsky-Robb method 
with 5000 random draws. 
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Table 4.7 Implicit Prices for Program Attributes continued 
Mixed Logit Model 
Implicit price ($) 





































Education*status quo 0.072 
(-0.018,0.181) 
Notsatisfrec*status quo 1.168 
(0.635,2.11) 
Recmore*status quo 1.079 
(0.555,2.00) 
Note: 95% confidence intervals in parenthesis estimated using Krinsky-Robb method 
with 5000 random draws. 
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The implicit price associated with the change in the community recycling rate 
suggests households obtain welfare using trash and recycling program which increase the 
community recycling rate. The positive estimates are statistically significant at a 
significance level of 0.05 across all four models. The implicit price ranges from $0.33 to 
$0.55 per trash bag. 
An additional welfare measure is the calculation of compensating surplus (CS) 
which can be used to estimate the monetary value an individual obtains from a change in 
two "states of the world", where on state is the initial state, designated as the status quo, 
and the second state in one of the program alternatives evaluated at specified attribute 
levels (Patricia A. Champ, Kevin J. Boyle, and Thomas C. Brown, 2003). The formula is 
— 1 Compensating Surplus = ( V0 — V-I ) (16) 
PCost 
Where pcost is the coefficient for the cost variable, Vo is the utility associated with 
the initial state, and Vi is the utility associated with the new state evaluated at attribute 
levels set at levels different from the initial set. Three scenarios are evaluated and results 
are shown in Table 4.8. Scenario 1 sets the new state identical to the current state except 
for an increase in the community recycling rate. Scenario 2 sets the sorting requirement 
at 1 for single-stream, and keeps the community recycling rate at 1 for an increase in the 
community recycling rate. Scenario 3 changes the mode for trash and recycling collection 
to curbside collection and keeps the sorting requirement set for single-stream, and an 
increase in community recycling rate. Compensating surplus is estimated for the three 
scenarios using coefficient estimates from Model 1 and Model 5. 
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Model 1 Model 5 
Scenario 1 $ -0.33 $ -0.35 
Scenario 2 $ 0.37 $0.82 
Scenario 3 $ 0.65 $2 .52  
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Scenario 1 illustrates households are willing to support programs which will increase the 
community recycling rate. The average value to a household for a discrete increase in the 
community recycling rate is estimated at $0.33 to $0.35 per bag of trash. However, the 
introduction of single-stream recycling in scenario 2 results in a sign change indicating 
households would have to be compensated to accept single-stream recycling and maintain 
the same utility associated with the status quo state. Additional changes of introducing 
curbside collection of trash and recycling increases as represented by scenario 3 results in 
further welfare loss. 
4.6 Summary and Conclusions 
The motivation for this study was to investigate the effect an individual's current 
state has on their evaluation of alternative states. In the theory of consumer behavior, if 
an individual's current state has an inordinate effect of their valuation of alternative 
states, then an individual may be displaying a strong preference for the status quo, what 
in the consumer theory literature is referred to as status quo bias, or reference dependent 
preferences. Although this study does not formally model or test for status quo bias, the 
results are consistent with individuals displaying a strong preference for their current 
level of services relative to any proposed alternative programs. 
An additional motivation for this study was to estimate household preferences for 
single-stream recycling. This study estimates household valuation of single-stream 
services and finds mixed preferences across households with 45% of respondents 
favoring single-stream services, and 55% of respondents favoring increased sorting 
relative to single-stream. Preference formation is a dynamic process and it would be 
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insightful to examine household preferences for single-stream recycling after a program 
has been implemented and households have adjusted to the new program. 
The growth and expansion of community recycling programs contributed to the 
significant increase in the national recycling rate during the decade from 1990 to 2000. 
Although the level of recycling has continued to increase, the rate of increase has 
declined. A challenge confronting many municipalities is to find new ways of sustaining 
and increasing their community's recycling rate. Two programs which are often 
promoted concurrently are implementation of unit-based pricing and switching current 
recycling programs to single-stream recycling. Pay-as-you-throw increases the marginal 
cost of solid waste disposal and thus creates a financial incentive to increase removal of 
recyclable materials from the solid waste stream, and single-stream recycling reduces the 
time required to sort recyclables by allowing all recyclables to be co-mingled and placed 
into one collection bin. The recycled materials will be transported to a materials recovery 
facility to be mechanically sorted and processed for resale on the market for recyclable 
materials. 
This study identifies household preferences for different attributes or "service 
bundles" associated with municipal trash and recycling services. Household preference 
data was generated by conducting a choice experiment as part of a household mail 
survey. The experimental design was specified to permit estimation of main effects and 
test for an interaction effect between trash collection mode and mode of recycling 
collection. 
The program attributes of trash and recycling collection mode, sorting requirements 
for recyclables (single-stream, dual-stream, and multiple stream), and expected change in 
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community recycling rate all were statistically significant explanatory variables of a 
decision maker's choice of trash and recycling program. 
The communities in this study do not currently provide any form of curbside 
collection of trash or recyclables. Approximately 75% of respondents are either very 
satisfied or satisfied with their community's trash and recycling services. The use of an 
alternative specific constant variable to model for the community's current service levels 
gives a clear indication households in this study expect to experience a decrease in 
welfare if their town implemented either curbside collection of trash or recyclables, or 
implemented single-stream recycling. Households display strong preference for their 
community's current level of trash and recycling services. 
Including the socioeconomic variables of income and education and psychometric 
variables on environmental attitude, level of satisfaction with recycling services, and 
expectation to increase recycling with single stream recycling service improves the 
model's explanatory power and identified heterogeneity of preferences regarding the 
status quo level of community services. The results are consistent with the expectation 
that households who are dissatisfied with current services and/or expect to increase their 
level of recycling with provision of single stream place a higher value for alternative 
services relative to their valuation of current services. 
An additional finding of this study is households favor trash and recycling 
programs which are expected to increase their community's recycling rate. This result is 
consistent across all model specifications. Thus, any proposed changes to current service 
levels may be positively received by households if households are confident the program 
change will result in increasing their community's recycling rate. 
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5 CONCLUSIONS AND POLICY IMPLICATIONS 
5.1 Conclusions 
The contributions of this research to the municipal solid waste economics 
literature include demonstration of the use of matching estimation as an alternative to 
linear regression methods to evaluate the impact of MSW user fees on household solid 
waste disposal. The empirical findings are relevant to the management and operation of 
community solid waste and recycling transfer stations. Community solid waste transfer 
stations are also referred to as drop-off centers because households transport their trash 
and recyclables to the facility. These results address a gap in the literature which has 
primarily concentrated on curbside collection programs. Curbside collection programs are 
associated with urban settings, and community drop-off centers are associated with rural 
communities. 
Essay 1 demonstrates the application of matching methods to evaluation of MSW 
user-fee programs. All prior empirical studies estimating the effect of MSW user fees 
used some form of linear regression analysis. Studies completed during the past decade 
have incorporated econometric methods to partially control for policy endogeneity. The 
theoretical and empirical development of matching methods has resulted in matching 
methods becoming a standard and useful econometric tool in the economist's toolbox. 
Matching methods are less restrictive than linear regress, and do not impose the 
assumption of homogenous treatment effects across program participants. Furthermore 
matching methods do not impose the assumption of linearity in the functional form. Thus 
matching methods are used to evaluate programs when observational units self-select to 
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participate in a "treatment" program because matching estimators allow for 
heterogeneous treatment effects across program participants. 
The point estimate of the average treatment effect of the treated (ATET) attributed 
to implementation of MSW user fees ranges from a reduction of 631 pounds per 
household per year to 823 pounds per household per year. The mean level of household 
solid waste disposal for a household living in a community without some form of MSW 
user fee is 1500 pounds per year. The program effect of a MSW user fee is an average 
reduction of 42% to 55% in annual household solid waste disposal. The results suggest 
MSW user fees are an effect policy to reduce the level of household solid waste disposal. 
These results are premised on the assumption the reduction in solid waste is not attributed 
to the practice of illegally disposing trash on public lands or transporting trash to 
neighboring communities which do not enforce a MSW user fee. 
Prior results from empirical studies using linear regression to estimate the 
program effect are a 27% to 41% reduction reported by Kinnaman and Fullerton (2000), 
38% to 60% reduction reported by Dijkgraaf and Gradus (2009), and a 44% to 71% 
reduction reported by Huang et. al (2011). The higher values of percent change reported 
by Kinnaman and Fullerton (2000) and Huang et. al. (2011) are associated with estimates 
after correcting for policy endogeneity. 
A novel contribution of Essay 1 is the use of a variable to partially control for 
environmental activism as an explanatory variable to model policy adoption. To model 
environmental activism, the model for this research included a count of membership in a 
statewide private nonprofit conservation organization at the town level. Prior empirical 
studies have not included a variable for environmental activism, although its potential 
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influence has been described in prior studies as a potential source of omitted variable 
bias. The results of this research found membership in a conservation organization to be a 
statistically significant predictor of likelihood of policy adoption. 
The focus of Essay 1 is on the exogenous effect of increasing the cost of waste 
disposal on household behavior. Essay 2 examines household valuation of two proposed 
changes to their community's current trash and recycling services. One proposal 
examines if household are willing to pay $1 per bag of trash disposed as a way to 
generate revenues to support continuation of their community's recycling services. A 
second proposal examines household willingness to pay to switch from multiple sorting 
of recyclables at their community's recycling center to single-stream recycling which 
allows all recyclables to be co-mingled and placed in one collection bin at the recycling 
center. 
The results from a contingent valuation method using a double bound 
dichotomous choice (DBDC) model suggest households are willing to pay a positive 
amount per bag of trash disposed to support community recycling services. Point 
estimates of willingness to pay range from $0.37 to $0.42 per bag of trash disposed. 
Results for valuation of switching to single-stream recycling at the community recycling 
center suggest households have a negative WTP ranging from -$0.86 to -$0.92 per 
month. 
Previous studies have reported a third of households receiving curbside collection 
service of recyclables oppose switching to single-stream recycling. In this study 
households would continue to transport their recyclables to the community facility and 
could place all their recyclables into one collection bin. 
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Results from the statistical models used to analyze the contingent valuation 
generated data demonstrate the influence of psychographic variables on household 
willingness to pay for alternative trash and recycling services. All else equal, respondents 
with pro-environmental attitudes who regularly practice "green" consumption behavior 
have a higher WTP for disposing trash or switching to single-stream recycling compared 
to respondents without a pro-environment attitude and do not display green consumption 
behavior. 
A respondent's self- reported level of certainty of their response to the WTP 
proposal was the most significant variable influencing their willingness to pay for 
proposed program changes. Higher level of certainty is associated with a negative 
valuation of the proposed changes. 
The choice modeling results presented in Essay 3 are consistent with the results 
from the contingent valuation study. For Essay 3, household's marginal willingness to 
pay for different levels of program attributes was estimated from the choice modeling 
data. 
On average households have a negative implicit price for implementing curbside 
collection of household trash and recyclables. On average households have a positive 
implicit price for increasing the sorting requirements of recyclables which indicate a 
preference for sorting recyclables. This preference for sorting recyclables is described in 
the respondent's comments which characterize sorting recyclables as educational for 
children, and as a way for households to become aware of their waste generation. On 
average households have a positive implicit price ranging from $0.23 to $0.43 per trash 
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bag for trash and recycling programs which will increase the community recycling rate 
relative to programs which will decrease the community recycling rate, all else equal. 
When modeling for households' preference for their community's current level of 
trash and recycling services, the results indicate households value their community's 
current services relative to proposed alternative programs. On average changing from the 
current status quo level of services to an alternative trash and recycling program results in 
reduced welfare. 
5.2 Policy Considerations 
An underlying premise motivating this research is households will support and 
participate in community trash disposal and recycling collection programs which provide 
services valued by households. Household solid waste accounts for 60% of total 
municipal solid waste disposal. The success of public policies implemented to reduce the 
level of municipal solid waste which is landfilled will significantly be determined by 
household behavior. 
The communities in this study rely on property tax revenues to pay the 
administrative and operational costs associated with the community's solid waste transfer 
station. When trash disposal services are paid for from property tax revenues, the 
marginal cost to a household to dispose trash is zero. However, the town incurs a cost of 
$0.70 per 20 pound plastic bag of trash disposed at a landfill. 
The contingent valuation and choice modeling results suggest households have a 
positive willingness to pay per bag of trash disposed if the new pricing program will 
generate revenues to support community recycling or if the program will increase the 
community recycling rate. The results from Essay 1 show MSW user fees are associated 
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with a mean reduction of 42% to 55% reduction in municipal solid waste. The use of 
MSW user fees is an important policy tool for reducing municipal solid waste disposal. 
The City of Concord, New Hampshire implemented a new pricing program in 
July 2009 requiring households to pay $1 for a 15 gallon plastic trash bag or $2 for a 30 
gallon plastic trash bag. The city reports a 40% reduction in municipal solid waste 
disposed compared to the level of waste prior to implementing pay-as-you-throw. An 
area for further research is to examine the effect of MSW user fees over time to assess if 
the initial effect associated with MSW user fees is sustained or decreases over time. 
A growing number of communities are implementing single-stream-recycling. 
The benefits of single-stream recycling may have differential impact depending on type 
of collection mode. One reason communities with curbside collection of recyclables have 
adopted single-stream recycling is the cost savings associated with collection when all 
recyclables are co-mingled and collected and transported in one container. For 
communities providing trash disposal and recycling services at a central drop-off facility, 
the benefit of single-stream collection to the town may be marginal, and based upon 
results from this study, implementation of single-stream recycling on average decreases 
household welfare. 
5.3 Future Research 
The research results suggest further investigation of preferences for a 
community's current level of services is warranted. This topic has been addressed in the 
choice modeling literature as potential status quo bias. Experimental findings reveal that 
individuals have a tendency to "over-value" what they possess and this can affect one's 
willingness to exchange for another good. This observed behavior may extend to 
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individual's valuation of public programs they currently use and they possess a sense of 
"ownership" or entitlement to the current program relative to consideration of alternative 
programs. 
One challenge with modeling preferences is the potential effect of the 
questionnaire design on selection of the status quo alternative. In this study, the third 
alternative is the designated current community program, and is used as the reference 
category for all the choice sets. One potential way to further investigate the potential 
effect of the choice set design on preference for the status quo is the use of a split sample 
design. One sample can adhere to the conventional practice of using a designated 
alternative as the status quo outcome, and another sample could include the levels 
corresponding to the status quo as one of the three generically labeled alternatives. This 
would avoid having one of the designated alternatives serve as the current community 
program, and the status quo levels could correspond to different alternatives. This type of 
choice set design would require the respondent to make a greater effort in identifying the 
status quo compared to having a fixed reference alternative. 
Although the results of this study demonstrate households exhibit a strong 
preference for their community's current level of trash and recycling services, an area for 
further investigation is to estimate household preference for single-stream recycling after 
a community has implemented single-stream recycling. Participation and experience with 
single-stream recycling may be an important explanatory variable of household 
preferences for alternative recycling services. 
A limitation of the questionnaire design for the contingent valuation section is the 
absence of different bid amounts for the initial bid. In this study, all respondents were 
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presented with an initial bid of $1 for Proposal 1 and $3 for Proposal 2. Because all 
respondents are presented with the same initial bid, there is no bid variation across 
respondents for the first bid. The only bid variation occurs as a result of the follow-up 
bid. A future improvement for this questionnaire would be to introduce several 
alternative bid values for the initial bid, and alternative bid values for the follow-up bid. 
An additional improvement for the questionnaire is to ask respondents their level 
of trash disposal. The payment vehicle for Proposal 1 and the choice model is specified as 
a price per trash bag. For Proposal 1, the prices are $0.50, $1, and $2 per trash bag, and 
for the choice model the cost variables are specified as $0 (no change), $1, or $2. 
However, because respondents do not indicate how many bags of trash they typically use, 
the results cannot be used to estimate demand for services because the data on quantity is 
missing. The questionnaire included questions to identify frequency of use for households 
disposing trash and taking recyclables to their community solid waste transfer station. 
Additional questions can be included to identify quantity of trash disposal. 
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7 APPENDIX A COMPARATIVE STATICS ANALYSIS 
Max U(xi,x„) - C(Ri Rn) 
Xi, Si 
Subject to: f=1 PiXt + ™=1 (p Sicc^i - I and Ri = (l-Si)aiXi 
W i t h  H > 0 , £ £ < ( , , £  > O , 0 > O  
dx dx2  dR dR2  
L = U(Xi, ..., Xn) - C((l-Sl)aiXi (l-Sn)anXn) + A( I - f=1 PiXi + "=1 (p SiCtiXi) 
F.O.C.s 
wrt to Xi: 1-Si ai - Apt - MsiCC; = 0 
ox dRi 
dC 
wrt to Si: — 1 - st - A i patXi =  0  
wrt to X,: I - f=1 p i^ + "=1 <p Sicc^ i) = 0 
Assuming an interior solution, there will be 2n + 1 solutions to the system of equation 
where: 
Xi = xt(plt... ,p„, I, <p, ccv..., an) = x^(•) 
s- = Si p1,...,pn,I,(p,a1,...,an = sf(») 
Substituting x- and s- into the value function results in; 
M(U)-U(*; • *;(.)) - C [  1  - s t '  d y x  i • (i - • )«»*;(•)] 
To analyze the effect of a change on the per unit fee to dispose waste on utility, need to 
solve the following partial derivative; 
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Holding all other variables constant; 
+ acwa^w 
dX l  tp r  dxn  dtp *  3/?! dtp r  dRn  dtp 
Plna-in ?M1- -a r. ®2« + »• 1 - ? • ^ lug-in—- cctXi d(p + at  st* d<p 
j w du&dx!(•) j , accoasi(«)j 1 scwa*!, , dM = a w " d(p + ai^ ,  I d(p-  a,  1-Si a  ,  x < t o  +  - - •  +  
dx t  dtp ^  1  1  dRi dtp ^  1  1  a*! dtp ^  
du(.)dxn( .)  , ac(.)asn(.) , r 
a*n a? d<p + a"Xn dRn dtp d(p a"cl Sn) dRn dtp a<f> 
j» 4  d C  • d s \  • * , 3C • 3sn • j . d(/(«) 3C(*) „ 3*iO) • 
5!!W.2£«„ 9*n 3«n " " S<P V 
From the F.O.C.s 
ai/(«) ac(«) 
dx t  dRi 
Therefore 
«£ 1 — Si = 0 for all i = l,2,...,n 
j». ~ „ acco^SiW „ ac(.)3sn(») j _ dM = QNaf-i ———-— a<p + ••• + ccnxn —•—-— d(p 1 1 dRx dtp ^ n n dR^ d(p r 
(+)(+)(+) (") (+)(+)(+) O 
n .. dC(*)dSj( . )  
dtp 1-1 ' * dRi dtp 
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8 APPENDIX B HOUSEHOLD SURVEY 
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A Survey to Learn about 
Household Preferences for 
Trash and Recycling Services 
Your participation in this study is voluntary and is an important and helpful contribution 
to a better understanding of how trash disposal and recycling services can be improved. 
If you have any questions or comments about the survey please contact either John 
Halstead or Christopher Wright at the following: 
The use of human subjects in this study has been approved by the University of New 
Hampshire Institutional Review Board for the Protection of Human Subjects in Research. 
If you have any questions concerning your rights as a survey participant, please contact 
Dr. Julie Simpson, Director of the Research Integrity Services office, at the University of 
New Hampshire (603-862-2003). 
Dr. John Halstead 
Department of Natural Resources 
and the Environment 
168 James Hall 
University of New Hampshire 




Department of Economics 
Whittemore School of Business and 
Economics 
15 Academic Way 




Section I Current Household Trash and Recycling Practices 
To begin we would like to learn about your current trash disposal and recycling activities. 
Place a check mark or X in the box next to your answer. 




Do not know D3 
2. Does your community provide a community transfer station to 
dispose of household trash? 
Yes Di 
No n2 
Do not know 1H3 
3. Which choice best describes the way your household trash is 
usually collected and disposed? (check one) 
My trash is collected curbside by the town • 1 
I take my trash to a community solid waste transfer station. D2 
I pay a private company to collect and dispose my trash. D3 
I dispose of my trash at a dumpster managed by the housing or D4 
apartment complex 
Other D5 
4 How often is your household trash collected or how often do you 
take it to a transfer station or dumpster? (check one) 
Daily • 1 
Twice a week D2 
Once a week D3 
Once every two weeks CU 
Once a month Ds 
Other: D6 




Do not know D3 
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6. Does your community provide recycling services at a 
community recycling center? 
Yes D] 
No g2 
Do not know [] 
7. How do you usually dispose of your recycled materials? 
I take my recycled items to a community recycling center. [] ] 
My recyclables are collected by a private company. [] 
My recyclables are collected curbside by the municipality. [] 
I place my recyclables into bins provided by my housing facility. • 
Other: []5 
I do not recycle. [] 
8. Of all recyclable materials that can be recycled by your 
household, (paper, cardboard, metals, plastics and glass) 
what amount do you actually recycle? 
Material None 50% or less More than 50% but 
less than 75% 
75% or more 
Newspaper 
• i • 2 • 3 •4 
Paper 
• i • 2 • 3 • 4 
Cardboard 
• i • 2 • 3 •4 
Metal cans 
• » • 2 • 3 • 4 
Plastic 
• i • 2 •3 •4 
containers 
9. Do you compost food waste? 
Yes Dl 
No n2 
10. If your community provided a recycling program where all recyclables 




Do not know [] 
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SECTION II Your Value for Trash and Recycling Services 
Although the following proposals are NOT being proposed by your town, your valuation of 
trash and recycling services is best estimated if you evaluate each proposal and respond as if it 
were actually being considered. 
To estimate your value for recycling services, suppose without additional revenues the following 
changes would occur: 
1. Stop providing community recycling services. 
2. Provide only household trash disposal services. 
Discontinuing recycling services is expected to increase the amount of trash that is disposed at 
landfills and decrease the community recycling rate. 
PROPOSAL 1 
This proposal has you pay a fee for each bag of trash disposed. This type of program is called 
"pay-as-you-throw" because households have to pay for each bag of trash. This program requires 
you to use specially town designated trash bags that are sold at local retail stores. 
Revenue from the sale of trash bags will be used to fund community trash collection and 
recycling services and reduce the need to raise property taxes to pay for town services. 
This program is expected to reduce the amount of solid waste disposed at landfills and increase 
the community recycling rate. 
Consider the following proposal and indicate your level of support: 
PROPOSAL 1 
1 In addition to what you currently pay for trash and recycling services, are you willing to 
j pay $1 for each 30 gallon bag of trash disposed? 
YES n, ! 
i NO D2 ! 
If YES Would you pay $2 per bag? YES •, j 
1 NO n2 j 
If NO Would you pay 50 cents per bag? YES n, | 
NO n2 ! 
Please rate your level of certainty for your response to Proposal 1 
Probably sure • i 
Definitely sure CI2 
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PROPOSAL 2 
This proposal switches from your current recycling program which requires you to separate 
recyclables to a recycling program where you can place all your recyclables together into one 
collection container. This type of program is called single-stream recycling. 
If you take your recyclables to the community recycling center, all your recyclables can be placed 
into one collection container. You do not have to separate your recyclables by type of material. 
To provide this service the town will bill you every six months. 
Single-stream recycling allows you to place all accepted recyclable materials such as paper, 
cardboard, packaging material, glass, metal, and plastic containers (#1 -#7) into one container. 
The mixed recycled materials are transported to a facility where the recyclables are sorted and 
processed. Materials not recycled include plastic bags, disposable diapers, Styrofoam, bottle caps, 
food waste, and yard waste. 
Benefits of single-stream recycling may include: 
1) Simplified sorting and storage of recyclables for you. 
2) Has the potential to increase recycling by households 
Disadvantages of single-stream recycling may include: 
1) Loss of revenues from recycling if community contracts for recycling service. 
2) May result in a portion of recyclables being sent to a landfill after processing due to 
reduced quality of recyclables. 
Consider the following proposal and indicate your level of support: 
PROPOSAL 2 
j In addition to what you currently pay for trash and recycling services, are you willing to 
j pay $3 per month to switch to single-stream recycling? 
i YES n, i | NO a2 j 
If YES Would you pay $4 per month? YES •> ]  j NO 
•2 1 
If NO Would you pay $2 per month? YES •. j 
NO 5.?. J 
Please rate your level of certainty for your response to Proposal 2 
Probably sure • i 
Definitely sure n2 
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Section III Choosing Alternative Trash and Recycling Programs 
This section asks you to compare alternative trash and recycling programs and select the program 
you prefer based upon different service levels. Please make your selection as if you are actually 
choosing the program you want your community to provide. 
The programs provide different collection services for trash and recyclables, have different 
sorting requirements for recyclables, may increase or decrease the community recycling rate, 
and will cost either $0 (no fee) 1, or 2, dollars per 30 gallon plastic trash bag. 
There are three different requirements for sorting recyclables: 
1. Single-stream 
All recyclables can be placed into one container. For curbside collection, all recyclables can be 
put into one container for collection. For disposal at the community transfer station, all 
recyclables can be placed into one collection bin at the center and do not have to be separated. 
2. Dual-stream 
Paper products must be separated from all other recyclables (glass, metals, and plastics). 
3. Multiple-stream 
Paper, metal, glass, and plastics must all be separated and placed into different containers. 
For each of the following 5 choice sets please compare the three listed programs and check the 
box for the program you want. Your community's current trash and recycling program is listed in 
the third column. 
Choice Set 1 Program A Program B Current 
Community 
Program 
Trash You take trash to Curbside You take trash to 
Collection transfer station collection transfer station 
Recycling Collection You take recyclables to 
transfer station 
You take recyclables 







Place all recyclables 
into one container 
Dual-stream 
Separate paper from 
glass, metals, and 
plastics 
Multiple-stream 






Decrease Increase No change 
Household Cost No additional fee $2 per trash bag No additional fee 
Please check the 











You take trash to 
transfer station 
You take trash to 
transfer station 
Recycling Collection You take recyclables to 
transfer station 
You take recyclables 







Place paper, glass, 
metal, plastics into 
separate containers 
Dual-stream 
Separate paper from 
glass, metals, and 
plastics 
Multiple-stream 






Increase Decrease No change 
Household Cost No additional fee $ 1  per trash bag No additional fee 
Please check the 
box for the 
program 
you choose: 
• . n2 • 3  









You take trash to 
transfer station 
Recycling Collection Curbside 
collection 
You take recyclables 







Place all recyclables 
into one container 
Dual-stream 
Separate paper from 
glass, metals and 
plastics 
Multiple-stream 






Increase Decrease No change 
Household Cost No additional fee $ 1  per trash bag No additional fee 
Please check the 
box for the 
program 
you choose: 
• i • 2  • 3  
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You take recyclables 




Place all recyclables 
into one container 
Dual-stream 
Separate paper from 
glass, metals, and 
plastics 
Multiple-stream 
Place paper, glass, 




Increase Decrease No change 
Household Cost No additional fee $ 1  per trash bag No additional fee 
Please check the 
box for the 
program 
you choose: 
• « • 2  • 3  






You take trash to 
transfer station 




You take recyclables 
to transfer station 
You take recyclables 
to transfer station 
You take recyclables 




Place all recyclables 
into one container 
Multiple-stream 
Place paper, glass, 
metal, plastics into 
separate containers 
Multiple-stream 
Place paper, glass, 




Decrease Decrease No change 
Household Cost $2 per trash bag $1 per trash bag No additional fee 
Please check the 
box for the 
program 
you choose: 
• 1 •2 •3 
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Section IV Your Household Characteristics 
In this final section it will help our study if you tell us about yourself and your household. 
Household preferences are partially influenced by the number of people in your household, your 
gender, age, income, and if you are employed or retired. 
1. How long have you lived at your current residence? 
• i Less than 1 year 1 -5 years D3 6 - 10 years C34More than 10 years 
2. Do you own or rent your home? 
• i Own D2 Rent 
3 What is your gender? 
• i Female D2Male 
4. What is your age? 
I am years old. 
5. How many years of schooling have you completed (please circle one number)? 
High School Trade or College Graduate or Professional 
9 10 11 12 13 14 15 16 17 18 19 20 21, 22 or more 
6. Including yourself how many people in each category currently live in your 
household? 
How many are children 0-5 years old? •0 ni •2 •3 •4 or more 
How many are children 6 - 1 8  years old? no • 1 •2 •3 •4 or more 
How many are 19 - 25 years old? •0 • 1 •2 •3 •4 or more 
How many are 26 years or older? •0 • 1 •2 •3 •4 or more 
7. Which category best describes your employment status? 
• i Employed fulltime D 5 At home parent 
•2 Employed part-time n6Student (part or full time) 
•3 Temporarily unemployed D7 Self-employed (part or full time) 
•4Retired Disabled and unable to work 
8. Which category best describes your 
taxes? 
• jLess than $ 15,000 
•2$ 15,000- $29,999 
•3$30,000 - $44,999 
•4$45,000 - $59,999 
tal combined annual household income before 
•5$60,000 - $74,999 




Section V Your Opinions and Concerns about the Environment 
Listed below are statements about the relationship between humans and the environment. For 
each one, please indicate whether you (1) STRONGLY AGREE (2) MILDLY AGREE (3) 
UNSURE (4) MILDLY DISAGREE or (5) STRONGLY DISAGREE by checking the box 
under the number that best describes how you feel. 
Statements about the Environment 
1. Global climate change has been exaggerated. 
2. Plants and animals have as much right as humans 
to exist. 
3. Human advancements will insure that the earth is 
always a livable place. 
4. Humans are abusing the environment. 
5. The balance of nature is strong enough to cope 
with the impacts of industrial nations 
6. Earth is like a spaceship with limited resources. 
7. The earth has plenty of natural resources if we just 
learn how to develop them. 
8. The balance of nature is very delicate and easily 
upset. 
9. Nature is often resilient and recovers from 
pollution. 
10. If things continue on their present course, we will 









































1 2 3 4 5 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
• • • • • 
Statements about Recycling 
11. For me household recycling is a difficult task. • • • • • 
12. I do not have enough time to recycle. • • • • • 
13. I do not have the space needed to store • • • • • 
recyclables. 
14. I am concerned storing recyclables will attract • • • • • 
pests. 
15. I feel good about myself when I recycle. • • • • • 
16. I do not think recycling is worth the effort. • • • • • 
17. I could increase my level of recycling if all • • • • • 
recyclables can be placed in one container. 
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>• <z s z x > a 
Statements about Satisfaction with Services (1) (2) (3) (4) (5) 
18 How satisfied are you with the household trash • • • • • 
disposal services by your community? 
How satisfied are you with the recycling services • • • • • 






Statements about Management of Recycling (1) (2) (3) (4) (§) 
19 Many communities are evaluating the benefits and • • • • • 
costs of contracting recycling services to private 
businesses. 
How important is it to you that your recyclables be 
managed by your town? 
G B At 2 g 
4> U S 
w 
r t 2 t n t 
fr I  o a 1 * £ ® 
£  B  E M i s  
i
On a scale from (1) Never to (5) Regularly, please indicate how often you or anyone else in your 




Activity (1) (3) (5) 
20. Carpool or take public transportation • • • • • 
21. Buy organic food or locally grown 
produce 
22. Give preference to products marked as 
environmentally friendly 
23. Give preference to products that are not 
tested on animals. 
24. Donate money to environmental groups 























THANK YOU FOR FILLING OUT THIS SURVEY 
Please provide us with comments! We would like to know what you think of this survey and 
also learn about any other opinions you have about this topic! 
(Please print) 
Summary results will be available in spring 2012. 
If you want to receive a summary of the study results please check the following box and 
print a mailing address: • 
(Please print) 
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reviewed and approved the protocol for your study as Exempt as described in Title 45, Code of 
Federal Regulations (CFR), Part 46, Subsection 101(b). Approval Is granted to conduct your 
study as described in your protocol. 
Researchers who conduct studies Involving human subjects have responsibilities as outlined in 
the attached document. Responsibilities of Directors of Research Studies Involving Human 
Subjects. (This document is also available at http://unh.edu/research/irb-application-
resources.) Please read this document carefully before commencing your work involving human 
subjects. 
Upon completion of your study, please complete the enclosed Exempt Study Final Report form 
and return It to this office along with a report of your findings. 
If you have questions or concerns about your study or this approval, please feel free to contact 
me at 603-862-2003 or Julie.simpson@unh.edu. Please refer to the IRB # above In all 
correspondence related to this study. The IRB wishes you success with your research. 
impson 
Director 
cc: File 
Wright, Christopher 
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